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THE CYTOPLASMIC BASOPHILIA 01*' * MABBOW 
CELLS: THE DISTBIBUTIOX OF NUCLEIC 
ACIDS 

J. Davidson, I. Lr.sur. nntl J. C. White 

jPfoni Otc Deportment of nioehettHslnf, St Thomas n Hospital ^Icdical SeJiOol 
and the Department of Datholo^ift The Deitish Post-Graduate ^ledtcol Schoolf 
University of London 

(Plates I-IV) 

^The red bone marrov,- in post-natnl human life forms a tissue of great 
labilit3'. Under normal conditions, b}' difrerentiation and mitotic 
division, it supplies the requirements of the bodj* for new cr3’throc3'tcs 
and granuloc3'tcs. Under abnormal conditions, particularB' in the 
severe blood d3’scrasias, it ma3' undergo considerable h3'perplasia, 
and this is often accompanied 63' a manifestly heteroplastic hsemo- 
poiesis, fixed and free stem eells accumulating and giving rise frequently 
to aberrant older forms. This is well seen in the megaloblastic anaimias 
and in the acute forms of myeloid Icukajmia/ 

'In an earlier 6tud3’’ (White, 1947), the application of the ribo- 
nuclease test of Brachet (1940, 1942) to human sternal marrow 
suggested that the c3’t;oplasm and nucleoli of the 3’-oungest free cells 
are rich in ribonucleic acid, the amount diminishing progressive^’’ with 
maturation. Few in number in the normal marrow, these are greatly 
increased in the blood d3’’scrasias, particularly the severe ansemias. 
Successful treatment of the primary condition leads to rapid matura- 
tion and diminution in number of the primitive cells, with gradual 
decrease in total cellulaiity of the marrow and return to normal 
hEemopoiesis. / 

The basis of the present work is the attempted substantiation of 
conclusions drawn from the use of the libonuclease histochemical 
test by chemical determination by micro-methods of the nucleic 
acids in the tissues. 
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J. N. DAVIDSON, I. LESLIE AND J. C. WHITE 


^Intracellular distribution of miclcic acids. In recent years wide- 
spread interest iias been focussed upon tlie distribution of two 
fundamental types of nucleic acid — the dcoxypcntoso poljmucleotides 
or deoxjwibonucleic acids and the pentose polynucleotides or riljo- 
nucleic acids — ^nothin the cell structures of plant and animal tissues. 
It is now generally held that the deox 3 Tibonucleic acid typo of 
pol 3 Tmcleotide is confined to nuclear structures — basiciiromatin ol 
“ resting ” nuclei and the chromosomes of dividing cells — ^^vhile the 
pentose pol 3 ’nucleotides are found in the C3’toplasm, mainU' in the 
cytoplasmic granules, but appearing also to enter into the composition 
of the nucleoli (Da%ddson, 1946, 1947). The pentose sugar present 
has been conclusively identified as d-ribose onh^ in the case of the 
pol 3 Tmcleotides from yeast (Gulland and Barker, 1943) and from 
liver (Davidson and Way^mouth, 1944). Nevertheless the term 
ribonucleic acid is usually applied to pentose polyTUicleotidcs in general 
and will be used in this paper to indicate the pentose polymucleotidc 
from bone marrow, although this material has not yet been fulh' 
characterised. / 

JlATEniAI.S AND JlETllODS 

Samples of red marrow wore obtained by sternal puncture biopsy from n 
series of normal voluPtccrs and individuals suffering from various blood 
dj’sorasias and miscellaiicous pathological conditions. In each case 0'l-0'2 ml. 
of material was aspirated and used for (1) tbo preparation of films, (2) the 
preparation of liistological sections, (3) chemical analysis. 

(1) Six air -dried films were prepared for Roinanowsky staining and two 
films were fixed immediatelj’ in the wet state in Susa fluid (Heidenhain, 1010 ; 
quoted by Romois, 1032) for tlureo hours for the ribonuclea.so test. The 
Romanowsliy-stained films were used for diffcrentml cell counts and the 
construction of maturation curves. 

(2) Material was prepared for histologj- by immediato fixation in 9 to 1 
methanol-formol mixture, followed by Susa solution for one hour, centrifuging 
for ten minutes, and dehj’dration, post-fixation and double embedding of the 
tissue by the methods previously described (White, Baker and Griffin, 1940; 
3Vhite, 1947). Sections were cut at 3/i and stained with iron ha'mntoxjdin and 
eosin, Delafield’s ahun-hfomatoxylin and azur-Giemsa or Leishman’s stain mixed 
with an equal part of veronal-acetate buffer of pH 0-85 for 4-J hour in the cold, 
with rapid differentiation in methanol and ethanol, clearing in xylol and 
moxmting in Gurr’s neutral mounting medium. These sections reveal the 
general cellularity and architecturo of the marrow. 

The ribonuclease test was also performed on sections and wet-fixed films 
with the following modifications of the method previously given (Wliito). 

The purified ribonuclease, prepared by the method of Kimitz (1940-41), was 
dissolved in distilled water to give n concentration not greater than O-l mg. 
per ml. The solution was adjusted to pH 4-5 by adding, drop-bj^-drop, NjlOOO 
HCl, checking the pH with methyl red on a tile. After heating in n boiling 
water-bath for three minutes, the solution was cooled and mixed with an equal 
volume of double -strength veronal-acetate buffer (Michaelis, 1931) of pH O-So. 

The heating at pH destroyed traces of contaminating proteolytic enz^-mes 
without seriou-sly inactivating the ribonuclease. It is noteworthy, however, 
that the ribonuclease used had very little adherent proteolj-tic enzj-me activitv 
since a 0-01 per cent, unheated solution of the enzjTOO in veronal-acetate buffer 
removed most of the hasophihe material from sections in ono lioiu at 37° C. 
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without ntiv (Ir-tnirtivo i-nipoi ot> tho V-''U‘’r''5 '••''I “"tlitip'; <lp'tntr;tion wn-t 
coitMilomhlo nftpr 2t Iioun. nt HT' C. Althn.if.-h f-rn^wl rno.ll>i ^.nrn nhtn.tpl nt 
111! 7-2-7-S with rihotmrh'A>p. it wii'. t.nt i.’p.'ihln llmt tin- rniitp)! ti-'iin in htllh-r 
iilononl-o ^how(vl mluHlnn in h..-.oj,hUin. nlthnuith not to thn ^lr;.-r.-p iir(«iurp-l 
hv tho cnrytiii' : thom wii-; tm art inn on n.iclnnr .•lirninntiii. rxint; nti rnr.yinn 
pohition nn<l rnntml hulTrr nt ;.H O-Sr. (.Int-Tinin-vl hy llm I5p''kiii.'.ti 
clo.'tr.Mh'h it wn<. founil th.tt thn r-'ntwl ti‘”u<' in hufT.-r nlmt'' t-howixi j.-rr-.-! 
jin-ci'n-ntinn of cytojilnsinio mul tnii'h'<.lnr hn-nphili'^ --Iniiuthln hy pyrnnin, nnd 
of nticlonr chrx.iimtin ^tninnhlp hy innthyl pn-nn : tlm pnryinp-lrr':\t<'-l ti' ■up, 
on thp othpf liiuul. t^hnw.sl pv.tPtvhvo r.'inovnl t)f pytopla. .nip nti'i nuplpr.lnr 
Iw^ophilin Ptninnhlp hy pyrnnin. tlm imrlpar rhromntin f-tniniiu; with n.Plhyl 
prcn n-. in tho rontn.il. 

To rnvry out tho to.t, tho tva'ihpil f.lit.i or .'•'vtinn-. wcro frond from pxcp-'. 
of inprrurt' hv io<linp f.illownl hy F'xlitiin thio'tilj>hr.to, ntid Wfoilnxl in t/.ji nnd 
di'itillcvl wntoV. Pnirxvl Hlido-. wore then troitJvl n'-pp'-tivoly with (rj) tho huffor 
nlono nt pH C-S.7, nnd (10 cnzyiup in h.iffor for ot.p hour nt 37' C. Ti)p plido-. 
were then wrushcxl in huffer nnd Htninrxl for one lio.ir in the pyrnnin -niPthyl 
pTOPU solution (White). After .‘•tninini;. the flidra wert- wii<0ip<l hriefly in wntrr, 
blotted, tnhen rnpidly tlmiuch W) ]H'r cent, ethnnol nn<l elhnnol, clc.'vnxl in 
N-jdol nnd mo.inte<l in G.irr’fi nputrnl ine<limn. 

n.o isotonic bufTer-cnr.ytno point ion hnd no pffccl on frojli innrrow nr blood 
celN remove.! ptrniftht from the bwly nnd puapende.! in it nt 37° C. Tho 
basophilic mnterinl remnine.! intnef nfter j>erio<l<. of incubation tip to povernl 
hour?. It i.p pop.«ib!e that the jirotein nnturc of ribonuclpn<o rendertyl intm- 
collulnr fitruetures inneccpsiblo to its notion when pcpnmtcl hy tho intact cell 
membrane. Another feature of importance, liowevcr, may bo tho Rreater 
Ptnbility of the nucleic ncid in presence of the cnr,\-mo when the ncid is bound 
to native protein. Thorough denntumtion of tho protein moiety of nticloo- 
proteins, such as (xteurs in tho course of fixation of tho marrow colls by Su.sa 
fixative, may weaken tho protein -nucleic ncid bond nnd partly nccotmt for tho 
ready action of the ribonuclcaso on the subpcqucnt histological preparations. 
Tlio action of the cnzj-mc i« nl.so interfered with in blood or marrow films which 
have been nllowd to dry in tho nir prior to fixation, nnd Iicrc the protective 
action of n protein film may opernto (poo Dnniclli, 1010). Further work i.s 
required for the elucidation of these points, 

/ (3) Tlic third portion of marrow was u.sod for tho chemical determination 
of ribo- nnd dcoxjTibonuclcic acids. Tho principle of tho method cmployctl 
is that described by Schmidt nnd Tliannhnuser (1945) in which tho tissiio is 
extracted with trichloracetic ncid to remove ncid-solublo phosphorus nnd 
then with lipid solvcnt.s to remove lipid phosphorus, nnd tho residue, containing 
nucleic ncid and protein, incubated with alkali •v.'hich hydrolyses ribonucleic 
acid to ncid-solublo nucleotides but docs not nffect deoxy-ribonucleic acid. 
IITien tho alkaline digest is acidified deoxyribonucleic ncid appears in the 
precipitate and ribonucleic ncid remains ns ncid-solublo nucleotides in the 
supernatant. / 

About half the available specimen was u.sod in procedures (1) and (2) and the 
remainder was delivered at once into a small weighed tube, 7-5x1 cm. Most of 
the cellular marrow tissue tended to cling to the sides of the tube, the adherent 
blood running to the bottom. The blood was removed as completely as possible 
by a capillary pipette and teat and tho tube stoppered and re-weighed. The 
tube was then filled -with 10 per cent, trichloracetic acid. After standing for an 
hour the tissue was freed from tho sides of the tube by a glass rod and the 
tube centrifuged. The supernatant fluid was discarded and the precipitate 
washed -with two successive 5-ml. portions of 10 per cent, trichloracetic acid. 
It was then extracted successively with 5-ml. portions of 80 per cent, ethanol, 
ethanol, and ethanol-chloroform 3 to 1 mixtmre (two successive extractions for 
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tliirty minutes each at 00°), and finally with other. TJic dry residue was dissolved 
in 1 ml. iV NaOH (silica free, stored in a waxed bottle), and the digest incubated 
for 17 hours at 37° C. 1-5 ml. of water were then added, followed by 0-4 ml. 
of 2-5 N HCl and 1-0 ml. of 30 per cent, trichloracetic acid. The precipitate 
was centrifuged down and woshed twice with 0-5 ml. portions of 5 per cent, 
tricliloracotic acid, the supernatant fluid and washings being combined. 

The precipitate was then ashed with 0-2 ml. of 00 per cent, perchloric acid 
and the phosphorus determined by the method of Berenblum and Chain (1038) 
ns modified by Davidson and IVaj-mouth (1943). This gave the deoxjTihonucleio 
acid phosphorus (DNAF). The supernatant fluid and washings were made up 
to 5 ml., and 2 ml. wore pipetted into a short w.do pyrex test-tube ond taken to 
dryness on the wntcr-bntli. Tlie residue was then ashed with 0-2 ml. of perchloric 
acid and the phosphorus determined as nbo\’c. This gave the ribonucleic acid 
phosphorus (RNAP). 

With each sot of estimations a reagent blank was run through in order to 
allow for impurities in the reagents employed. The final colours were read off 
in the Hilger Spekker nbsorbtiometcr. 


Results 

NORMAL SERIES 

The subjects were 15 healthy volunteer.? of both sexes, ranging 
in age from 17 to 43 years. Normal blood counts and reticuloc^vte 
levels were found in all. 

The general architecture of the bone marrow 

Representative sections from 4 individuals are shomi in figs. 1-4 
stained by various methods. The variability in the normal “ lattice ” 
pattern of large fat cells and cellular centres of hajinopoiesis is seen, 
and in all 15 subjects the pattern was repented within these limits. 
In the hjemopoietic centres it can be scon tl)nt primitive free cells 
with basophilic c3i:oplasm and nucleoli are few in numbers. Parth' 
differentiated forms — cr^-throblasts and ni3'cloc3'tes — arc more 
numerous, and older cells — normoblasts and band-form and segmented 
granulocytes — are still more abundant. Where the section cuts across 
marrow sinusoids, the developing cells are seen to bo nlwa3'-s in the 
stroma, l5dng extravascularly (figs. 3 and 27). Intensely basophilic 
cytoplasm, due to the presence of ribonucleic acid and removable 
by the action of ribonuclease, is found in the plasma cells as well as 
in the youngest luemopoietic cells. The cytoplasmic basophilia 
diminishes very rapidly with maturation of the older erjthroblasts 
and granulocytic cells, particularl3’- the latter. 


The differential cell counts and maturation curves from 
marrotv films 

The system of classification is based on a Unitarian view of 
haemopoiesis, similar to that of Donmey (1924, 1938), Perrata and 
Fieschi (1940) and RastelU (1943) and following the views of Maximow 
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Fio. 3. — ^Male, B. M., aged 22. Iron-liroma- 
toxylin and eosin. Sin. = sinusoid. 
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All sections 3/r, methyl alcohol-formol and Susa-fixed, and X 300. 
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( 1927 ) on the potentialities of the primitive incsonclmnnl remnant 
associated vith the reticulum of the marrow stroma, but differing 
from his ^dews on the equivalence of the hrcmocytoblast (myeloblast 
of Do^mej'^) to the small lymphocj’ic, which ho considered to function 
as a pluripotcnt cell, at least under certain conditions. Most of the 
Ijunphocytes in normal and indeed in pathological marrow smears arc 
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Fio. 5. — ^Jlnturation curves for normal human marrow cells based on sternni-puncturo 
examination of 15 subjects. (0 x 1000, 0 x 500 coll counts.) 




cyrori,A-'''MW jlisophiua or M.-inrow <'i:i.ks 7 

in nuniWr mul thi'^ of cncli ourvo incline*: only very Mliylilly. i Im 
f-toi'jino;-s incro.T'-os r.'\pi<liy with junvii'-iny nuttnrity, (Uid in hoth 
w'rio;; the i^tngos nt wliirh niitotjo diviMon's nm jno‘.1 fn'>jni'ntly 
cucoui\ton-(l hIiow rapid niiint'rii'al itionvo-a. 

In pcnoral, mitoses in normal marrow an* more fn-cjtienfly in 
the n'd-eoll tlian in the grattuloeytie series, de-.piti’ the nnmerieal 
superiority of ti>e latter as shown hy the ratio *if total granuloeyles 
to nucleated rcnl-ctdl stages. When the leueo-erythrogenelie ratio 
(Pontoni. 1930) is considenai. tahing the ratio of young gramdoeytos 
from myelohlast to metamyeloeyte stages and the total nueleated 
red colts, the disparity in the tw(» .series is le.ss junrhed (jiormal observed 
range 0-riC)-2-ft7). In the red cell .s(>ries. mitoses nn> most frequently 
encountered ii\ the basojihilic and judyohrotnalio erytlin)bla«|s, and 
in the gramdocytic series at the myeloe\’l<* .s(.rige, Nonnally, hirm- 
cells in mitosi.s are oneountered very rarely. 

Tlie wide range of mnttm' granulocytes and of lym])hocytes may 
be partly explained by the ndmixttire of the n,sj)iratefl marrow with 
varying amounts of blood with its own leucocyte population. 

Tfic dhlribitdon of rtho- nml dcorifnbonvrJctc actrlii 

Tlie result.s of analysis of 10 normal .specimens, with calculated 
parameters, arc shown in (able II. Like the cellular poimlntion of 

TAin.r. II 


yuckic odd coriUnt of tionnal humau fkrnol botic tnorrow 

Values for 10 individuals, expressed as tne/. of phosphorus {P) 
per 100 ef. oj fresh tissue 


SaSJrct, fpx, BKc 

'Vx. ofinnnow i 
MmpJc (nic.) ! 


immggQQiiiii 


1. D.L. S17 

31-0 

290 

lS-3 

10-7 

2. B. M. (j 22 

39-5 

2S-2 

l(>^4 

II-S 

3. D. S. <J 20 

57 '5 

20-5 

13-5 

13-0 

4. S. J. 0 20 

440 

23 -C 

17-2 

0-4 

5. B. B. 5 23 

220 

0f>,0 

1.5-2 

7-0 

G. M. W. 5 20 

00-0 

18-4 

12-2 

0-2 

7. D. J.* 5 43 

3C-0 

JG-1 

1 0.0 

3-9 

8. P. P. 3 19 

10-0 

150 

11-7 

3-0 

9. E. J.* o' 40 

59-0 

14-3 

10-5 

3-S 

10. tv. L. S 35 

350 

13-0 

10-3 

2-7 

True means • . , . 

Standard deviation {S,D,) 

20'7^ 

14-2. 

3‘C 

6*0^: 

3*5 

Range (mean -±8.0.) . 

32-5 to 6*0 

1 

21-4 to 7-0 

13-9 to Zero 


* Brotlicrs. 


the marrow, the results show fairly wide variations, wliich is hardly 
surprising in such a heterogeneous tissue, liable to be contaminated 
to a varying extent with peripheral blood. 




8 J. N. DAVIDSON, I. LESLIE AND J. C. WHITE 

ABNORMAL SERIES 

The results for the abnormal sei’ies arc set out in table III, together 
■v^ntli relevant information on the condition of the peripheral blood. 
In a number of cases the examination was repeated at intervals 
during the course of treatment. The results will be considered in 
groups on the basis of a3tiolog3'. 

The anromias 

In conditions with clinical anremia and depressed cr^'throcj'tc 
and htemoglobin levels in the peripheral blood, a h 5 'pcrplastic marrow 
is frequentlj' found, with elevated nucleic-acid values. Tin’s is 
particularly marked where the maturation of (he red-cell series is 
altered, vrith accumulation of the more primitive forms. In cases 
followed throughout the course of response to specific therap}*, a fall 
in nucleic-acid levels to within normal limits is found to accompany' 
the return to a normal marrow histologj' and peripheral blood picture. 


Pernicious anosmia 

In this group, 5 patients (cases 1-5 in table III) were examined 
in the untreated state, 4 of these being re-examined at intervals 
during the course of response to specific therapy. Four of the 5 cases 
showed, in the untreated state, clinical and morphological anromia of 
different degrees of severitj', accompanied bj' a hjq)erplastic megalo- 
blastic sternal bone marrow and elevated marrow nucleic-acid levels. 
The fifth case (no. 5) showed moderate macrocj’tic anremia with slighth’ 
h 3 q)oplastic but megaloblastic marrow, and low nucleic-acid levels. 
The diagnosis in all cases Avas substantiated b 3 ’^ the finding of histamine- 
fast gastric acUorhydria, glossitis, elevated scnim bilirubin and varying 
degrees of peripheral and central nervous S3’’stem involvement, in 
addition to macroc3dic anremia AA'ith megaloblastic marroAV. 

Case 1. A. H., lemalo, aged 66. Moderately severe peniicious anremia 
Avith some peripheral and C.N.S. involvement and an acute urinarj’ tract 
infection. The infection responded quickly to sulphadinzine, and simultaneouslj- 
administered oral folic acid (20 mg. x 2 days, 5 mg. x 0 daj's) produced a 
reticulocyte response of 48 per cent, on the 7th day. Rapid improvement in 
the peripheral blood occurred during and after the reticulocjdo response, and, 
after 26 days, therapy was continued with purified liver extract parenterallj' 
(Examen 2 ml.). 

Before therapy, the sternal marrow showed considerable hyperplasia, Avifh 
few fat cells, prominence of basophilic hremocj'toblasts and pro-erjdhroblasts, 
and characteristic megaloblastic erj'-thropoiesis with greatly reduced normal- 
type erythropoiesis (fig. 6). The young megaloblasts with slight or no hremo- 
globinisation possessed abundant basophilic material in their cytoplasm. The 
granulocyte series showed a number of giant bizarre forms of motnmyelocj-tes 
and band forms (giant stabs). Tlie nucleic-acid values showed an elevation 
of ribonucleic-acid phosphorus (RNAP) to 41-4 mg./lOO g., more than 3 S.D. 
above the mean of the normal series. The deoxjTibonucleic-acid phosphorus 




Plate IT 


PeRNICIODS ANJEMIA IN llELATSE. Cn.oO 2. (C. B.) 

The sternal marrow sfnictiiro before and during fho course of liver therapy 

I 

Fio. 12. — Before therapy. Hj*por])Iasiii ; inegaloblnstic crytliropoiesis. Pyronin- 
methyl green after pH C'85 veronnl-acctalo buffer for 1 lir. at 37' C. 
Has. = fuemooytoblnsts. Meg. = groups of njcgaloblasta. 

Pio. 13. — Similar section stained by pyronin-incthyl green after ribonuclense treatment 
for 1 hr. at pH (3-85 and 37° C. Note removal of basophilia from cytoplasm and 
nucleoli of young cells. 

Fig. 14. — ^At reticulocyte peak. Similar cellularity to fig. 12, but normoblastic erythro- 
poiesis. Pyronin-methyl green. 

Fig. 16. — During recovery. Less liyperplastic, with more normal h.Tinopoie.sis. Pyronin- 
methyl green after buffer. 

Fig. 16. — Similar section stained by pyronin-methyl green after ribonucleaso. Colls 
showing considerable depletion of basophilia are now less numerous. 

Fig. 17. — On recovery. Cellularity and haemopoiesis are now normal. Pyronin.mothyl 
green. 


All sections 3 p, methyl alcohol-formol and Susn-fixed, X 300. 
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Plate III 

Fig. is. — P ernicious antemia in relapse. Co‘;o 5 (M. C.). There is reinfivo hj'po- 
cellularity in spite of fairly niiraorotis early cells and some degree of megaloblastic 
erythropoiesis. Pyronin-methyl green. X 300. 

Fig. 19. — Familial hfeinoiyfic nntrniia. Case 14 (M. D.). Considerable lij-perplasia, 
with predominance of pro-erythroblasts, crythroblasts and normoblasts. Pyronin- 
methyl green after veronal-acetato biilTcr pH G-85 for 1 hr. at 37° C. X 300. 

Fig. 20, — Similar section, XflSO. Pro. Ei^'. = pro-eryihroblnsta. I. Ery. = inter- 
meaVate ('poi'ycAromatfcJ crytfirobfaats, N", = normobfasts. 

Fig. 21. — Similar section, x580. Pyronin-molhyl green staining after riboinielcasB 
action for 1 hr. atplf 0-86 and 37° C. Note removal of basophilia from cytopln.sin 
and nucleoli of young cells. Nuclear chromatin and nuclcolus-nssociated chromatin 
unaffected. 



.1 rvin » " \. • t \ 


rti.< ni 


v-51 < ■, VJ «• >I ’ DU ■ 1 I ’ ' ' • 


t, * ••(.< ^ I!' '• 


^ ••! * If 1 '* > n 


'• ' Vj 

$*c : r*’’ • 


^ . « <•. ^ 

L. “ <* 


Kk.. !'>. 


▼•» • « • 9 *♦ W- ^ < 

»»*> *%..•• V.<? 

l»V *'» • •* ‘.r *• ^<.7 .•* 

rp.. !•' 


.• 3 )C 






i - aV 1 

* ** ♦ WCi. ^ 4 L W ' ' 

-•>‘6 \»ji 


•»’-i’^’-' 3 *‘ 


c-,: 




m 


'^ai* .^••'» •* 


i'-. Sf •• •0- *1 

■ ^. .% ; v'*'^ r 


;*y ' -^ z 

'• ^ ’''i '^'. ‘ A ». *A( ^ 

I- ‘ mV - H, - ^ -> 

- R. t: '■ys, A .* .*' • 


♦*’ ''^•W "'At HA •• 

w,. N «? ■ , 

Lmj.# . 1 " 


I ^*' ^'' ■^ “ ' 



('YTnl'LASMtC fT!.!-''' 


U^NAl’i .-’■nnt.'.l :!>»*■. sii.- 1'“* t’.. <)’« «•- - r-x.-r.-!,n.* -T 

till" in'-st! I'f t!i>’ ?>( rti.n! "-ik’ (to!>V tH', 

V^^r Mtrr rjv^ ?Ko rr't ul- 

i't jTf Jh'' rN-mil in-^rT'W rf_\ I'trn;- « 

Mith prv'l-'innAii. o Ilf 5T!r> rr\ iKr.iUW'*'* n*J'! ti. nt! I )tr»5 nt.'l fri'n 
r ;• •.ivrfl!'- ss'^v r«'ii!<^l *.■' Jtv'r'r- D'.nin! rr-;ri 

«, 1 - rr)'n- rn!y liy rv fi-.x fMrji.^, nH'l .-.i-i-nl ,i, .-t.Vn 

fi ni-.-. It) tlin ,iinrM'n!)nl tl.n it.it.iri’ Kr.)tiitt'--> «'»'! !:• ttij'’' 

rr!.)‘.»vi-U- 'n.n i r’lnt-inij . j-j-i/i'l ft' tn ti*'' 'It i »<'■' 

nyji'ir to .haVr t-rr.-itly front tl'-t! Ivf.irr' trmttni-ni, ‘t tiH tini-lr-r ni A li-\r'.=, urro 
o. n-otiir.ilily rritii'f'?.* jnrt-. nltrly tltn UNAT. ti-nt- hy jn-t nh.-.o tin 

x)}i]ii'T ttomtiti r'ttt^i', tU''))*-*l) thu wttt iitiU nut' i*ti'r*)ti,y 

I'lirlliof T'ti'tnti! jtnitrtnT'oi rrro inTftirttto'J v*~'iT rjt'i iif tK^ rr'i ul • \to 

n'-pin'i' (1*.‘ lityi fr'ni ttnrtttu' tmt)))!!)!), r.txl rt*'. il-t>-’ fr'nt tlir" ot)-'-;, iil.r-, 
thfi liliv'ii rof.nt nn-: 4 - !<i* njs.l tlin HI.. U •“ )•. Tl.i'''' i-h'inr.! « rr-‘.irn of iho 
j))ritiirn!i''n rnrvft for rri, ihr'ji'-jo-.i i., witlun !?•.<’ rornotl r.)!i^‘o, «i!h in.ro 
pr.iiinnl ro.5ti'’!ii'n in n-lhtl.irtty ntnl n rr'.tint to tho immtAt nrohiloi tnro i,f tho 
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tn mtlnt) thi' ttnnnrtl ri)!i?<' (r>i.-i. "-If' nti'l tnlilr. IH). 

Cnmi 2. C. B.. 7<>. ‘niti o!<}-=.’.nt!'i!nv* c.to in rro rot.);.-’/' 

(10 tnonthi) Inyo <if trontinont) t.’t).i'n juiri’/n'l ln.rr oxirnot (Aitn’.i tniit! 
jt.'in'ntor.'illy ntnl formic Miljilmt** nrnHy, 'llio lin'lin!,’" iK'fnrr. nti'J iltirm^ 
thcmjiy rirvly ri"'i'!nbl'' tlio'-'' it) tlio jirovtntti rn'o. 'nio rottritlix-ySo 
oocurrril rn tlm lllh il.'i.v, nn.I on tit*' IClIt tiny ilio ''.'•ninl jnrtrrinv nhowivj 
rdhictioti in xtoni-ooll^ nn'l jtro.frythmfiln' !« from n ron. I'li-mhly ntn^tnonlf*! 
inttinl Irvcl In trithin nnnnnl liinil". Tli<-.n> ww n ]in'<intninnnri' of hio rryttirn. 
blnejs nnci partionlnrly of ortlirwhromntir nnnno1)!n'! i. nnth nt» onro of tlto 
niPjrnloWivstit' f^orir-^ nnd only n few intonniiilirito tyy*. 'nio totnl (•/•llnlnrtty 
trnc liimilnr lo tlint oxii-tint: Ix'fori' tln-mjiy, 'nio itn'-Ii'ir’ nririx w-oro rixlnrixj 
from nn ntitnni'nfofl level — dIkivo the ine.nnM for the norntitl reri<-< of tnnre thmi 
3 S.D. for the UXAI’ nnd 2 for DNAP — to within norwitl htnit.i (taltle HI), 

Tlie rohiction in DXAP wait particularly (•tnUitiK nn<l tnay well l>e eorrt'lafivi with 
the cxcc*)..) of orthochromatic n'inntihla.''t'; with miidI! jiyknofie ntielei pre ent 
nt the time. 

Lntcr, with the return of the maftirntion cun'o to within nonnnl limits nn'i 
a pmihml roihiction in rcllnlnrity ntid return to n nonnnl nrchitectnre, the 
values for nucleic acids fitteii more closely into the tnid-normnl rnnjres, RX.AP 
fnllinp nnd DXAP risinp FOinewhnt. Tltese chnnecs are .shown in tnhlc III nnd 
in fitrs. 11-17. 

Results from the other three patients in this frroup (cases 3-.7) nre show) in 
fie- 18 (cn=e .7) and tnblo III. 


Jicfraclortj vicgaloblaMtc nn(vmin.'; 

Two patients, E. B. and G. E. (cases fi nnd 7), treated witli 
proteoh'sed liver are sliotvn in table III. 


Macrocytic ancemias of other cctiology 

Case 8. C. M., male, aged 37, whilst on service in the Middle En.st, had 
developed a macrocytic nnamia with sprue-syndrome glossitis (“raw beef” 
tongue), angular stomatitis, achlorhydria and intermittent fatty dinrrheen, 
his fat absorption ranging from 05 to 00 per cent, on a daily fat intake of 50 g. 
Response to liver therapy had been variable, and the present investigation, 
^ years from the onset, showed a moderate macrocytic anajmia with a fairly 
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hyperplastic marrow rich in stem cells, pro-erj-tliroblasts and the earlier 
erythroblasts, but poor in older nucleated red cells (figs. 22-25). Megaloblastic 



erythropoiesis was absent, but the cells were often large at even advanced 
stages of hffimoglobinisation, with rather open nuclear chromatin, and erytlwo- 
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Hremopoietic response wns ol)t«ined witli parenteral purified liver extract 
(Anahremin) ; after 7 days the reticulocytes ’n-ere 4-9 per cent, and the sternal 
marrow showed a greater degree of maturitjs the red-cell maturation curve falling 
within the normal range. The nucleic-acid levels now showed a fall of KICAP 
to just above the upper normal range, whilst the DNAP wns within the normal 
range. Thirtj' days from commencing treatment, the marrow structure, and 
matmation cun'es approached more nearly to normal, and the nucleic-acid 
levels were in the mid-normal ranges. 



FiO. 10. — Case 1 (A. H.). Pernicious nntemin. Nucleic acid levels in the sternal 
marrow shown in relation to tho peripheral blood picture during response to 
therapy. 

The blood picture gradually became normal, but it is noteworthy that the 
glossitis and angular stomatitis persisted and wore resistant to oral riboflavin 
36 mg. X 5 days and nicotinic acid 10 mg. X 7, 5 mg. x 7 days, but improved 
steadily with bi-weekly injections of 4 ml. of crude liver e.xtract (Plexan), the 
papUlae regenerating and the epithelium healing. Tlie degree of vascularisation 
of the comeo-scleral junctions also diminished. Plexan also maintained a 
perfectly normal blood picture. 
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Plate TV 

Jlacrocj'tic nnirmia (spnio sjTidromo). Cnso 8. (C. Jf.) 

Fio. 22. — Before tliornpy. Jlodcrntol.v liJTierplnstic iminnture inurro«'. Erj’tliropoiesie 
of intermediate tj^ie. Hnj. = lin.-inocytobln^te. Myl. -= inyclocyto. PjTonin- 
methyl green after pH C-85 voronal-neetate btiffor for 1 lir. at 37° C. 

Fio. 23. — Similar section stained by pjTonin-metbyl green after action of ribonucleuse 
for 1 lir. at pH 0-85 and 37° C. 

Fio. 24. — Marrow after liver tliorapy (anahicmin). Cellularily does not differ greatly 
from that before tlierapj’, but greater degree of matnrit.v. Pyronin-inethyl green 
after buffer. 

Fio. 25. — Similar section, stained by pyroniii-molliyl green after ribomiclcn.=e action. 

Macrocytic antemin. Former tuberculous peritonitis. Case !). (F. H.) 

Fio. 20. — Hyperplastic immature marrow with intermediate type of erj-thropoiesis. 
Hie. = group of hiemocytoblnsts. Pyronin-methyl green after buffer. 

Fio. 27. — Similar section stained by pyronin-motliyl green after ribonuclen.se action. 
Hie. = liaimocytoblnsts. Sin. = sinusoid. 

Fio. 28. — Marrow early in the course of therapy with folic acid. Cellulnrity similar to 
that before therapy, but greater degree of maturity. Cap. = capillarj’. 

All sections 3 p, methyl alcoliol-formol and Susa fi.xod, X 300. 
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CYTOPLASMIC BASOPHILIA OF iMABROfT CELLS 

Case 9. F. H„ female, aged 57. Plastic tuberculous peritonitis at 
18 years of age ■n'as followed bj' macrocj'tic anffimia after 10 years and the 
development of subacute obstruction after 20 years. Operative inteia-ention and 
liver-extract therapy enabled the patient to maintain fair health, but with 
periodic attacKs of oedema with hj-poproteinaemia and macroc^ic anaesma. 
The present investigation disclosed moderate macrocjdic anaemia and sUght 
hj-poproteinaemia, with normal plasma bilirubin. The glucose-tolerance cur\'e3 
and faecal-fat analyses were normal. The sternal marrow showed considerable 
hvperplasia, with some excess of pro-erytliroblasts and the earlier eiythroblasts. 
The majoritv of developing red cells were normal in tj'pe, but a small number 
of tjTpical megaloblasts were present and a larger number of large, hsemo- 
globinising cells intermediate in type between the two series (figs. 26-28). 



Fig. 11. — Case 2 (C. B.). Pernicious ansemia in relapse. Isucleio acid levels in. the 
sternal marrow shown in relation to the peripheral blood picture during response to 
therapy. 


The nucleic-acid levels were considerably increased, the elevation exceeding 
3 S.D. of the normal mean values in each case, and greater in the case of the 
RKAP — 56 mg./lOO g. (table IH). Treatment by oral folic acid (25 mg. x 4 days, 
10 mg. x5 days) produced a reticulocj-te response of 12-1 per cent, and a 
pidual rise in the packed cell volume from 26 to 32. This rather sliaht 
improvement in the peripheral blood was accompanied by a change in the 
marrow structure, which now showed more normal maturation of the red-cell 
series, with gradual reduction in total cellularity towards normal (figs. 27 and 
p). Tliese changes were accompanied by a keady fall in the nucleic-acid 
levels to within normal limits. However, the peripheral blood picture did not 
improve further after a second course of folic acid, together with p-vridoxin 
altiiough slight reticulocj-tosis continued. Anahremin (2 ml.x3 davsl'followed 
y Plexnn (2 ml-X7 days) was then given, and 5 weeks later the 'packed cell 
volume was 40-5, with erj-throevtes 4-0x10' and Hb 13-73 c Cl l-i 

?ol. Sr cone"'"" "" w;i; now 


16 


J. N. DAVIDSON, I. LESLIE AND J. G. WHITE 


Other patholog’ical states 

Results from a number of other cases of different tj'pcs are 
summarised in table III * : only one will be considered in detail. 

Chronic myeloid hnkoimia 

Case 21. E. H., female, aged 72. 7 months liistorj'. Successful response 
to deep X-ray therapy 6 months proviouslj', witli reappearance of enlarged 
spleen and lymph nodes and a rise in the blood granulocytes after 4 months. 
The peripheral blood showed all stages of granulocytic differentiation, with 
10 per cent, myeloblasts in a 220,000 leucocyte count. Tlio marrow was 
hyperplastic, with great prcdominanco of granulocytes, and frequent pro- 
myelocytes, myelocytes and motamyelocides. nio nucloic-ncid levels showed 
an elevation of the DNAP to 3 S.D. above the normal mean : the RXAP was 
within normal limits (table III). Deep X-ray therapy (400 r) over a period of 
three weeks produced a fall of blood leucocytes to 13,000, with a practically 
normal differential coimt. The stomal marrow now showed evidence of greatly 
reduced cellularity. A section was not obtained, but the films were poor in 
immature cells of both the red-cell and granulocj’tic series. Tlio nucleic-acid 
levels were now in the lower ranges of normal for both forms. 


Discussion 

^ These results support the conclusions drawm earlier from the 
application of the ribonuclease test to human marrow CWhite, 1947). 
The variations from normal in the distribution of ribo- and deoxyribo- 
nucleic acids, as shown liistochemicallj’’ and by chemical micro- 
analysis, are closely related to changes in histological structure. 

The findings may be discussed both in relation to problems of 
haemopoiesis and to the question of actively growing and embryonal 
tissues generally. Evidence has accumulated that cells' which 
proliferate^ rapidly or synthesise much cjdoplasmic protein are often 
rich in c 3 d;oplasmic and nucleolar concentrations of ribonucleic acid 
(Caspersson and Schultz, 1939, 1940 ; Caspersson and Santesson, 
1942). Brachet (1942, 1945) has made similar observations on 
embryonic and growing tissues, and points out that ribonucleic acid 
may be largely localised in the mitochondria and small cytoplasmic 
particles (microsomes ; Claude, 1943 a and b), and considers these 
structures to be centres for protein synthesis. 

In normal marrow the distribution of nucleic acids varies widelj', 
but this tissue has a variable normal constitution, as is evident from 
the histological and cytological analysis. There is also the factor of 
admixture of peripheral blood with aspirated sternal marrow. The 
ribonucleic acid, however, regularly exceeds the deoxjTibonucleic 
acid, the ratios ranging from 3-8:1 to 1-0:1, with a ratio of 2-0 ; 1 
from the means of the normal series for RNAP and DNAP. 

HistochemicaUy, the deoxyribonucleic acid is confined to the 


* Fuller data on these cases have been deposited with the Librarian, General 
Library, British Museum (Natural History), London, S.W. 1. 
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nuclear chromatin throughout the development. The ribonucleic acid 
is richly concentrated in the cj-toplasm and nucleoli of the youngest 
free hsemopoietic cells, the amount diminishing progressively -vrith 
development to either red cells or granulocytes. The cytoplasmic 
basophilia of the pro-erythroblast is deeper than that of any marrow 
cell other than the plasma cell. The granulocytic series is usually 
less heavily endowed with ribonucleic acid at aU stages than the 
corresponding stages of the red-cell series. In both red-cell and 
granulocytic series, the basophilia of cytoplasm and nucleoli attribut- 
able to ribonucleic acid diminishes with the appearance of hasmoglobin 
or specific granules. In the earlier stages mitotic division occurs, and 
the daughter ceils show progressive reduction in size in the red-ceh 
series. Cell size increases in the granxdocyte series to the myelocyte 
stage, when mitoses are most frequent, and then diminishes. The 
disappearance of the nucleolar ribonucleic acid is accompanied by the 
accumulation of nucleolus-associated chromatin, which stains at least 
as intensely as the rest of the chromatin with nuclear dyes (Thorell, 
1944 ; White, 1947), The nucleolus-associated chromatin appears to 
persist after the cell has lost its power to divide, but tends to become 
obscured by the condensing nuclear chromatin of the erythroblasts, 
although stfil visible in the older granulocytes. 

It is suggestive that the high ribonucleic-acid content of the 
cytoplasm and nucleoli of the younger hsemopoietic cells is connected 
with the ability to pass through a series of mitotic divisions and to 
elaborate hremoglobin or the specific granules. Mitosis of haemo- 
cytoblasts is rarely encoimtered normally, but the incidence of division 
is greater in the partly difierentiated younger members of the two 
series. The nucleoli of the haemocytoblasts are large structures, with 
a high ribonucleic-acid content and slight development of nucleolus- 
associated chromatin. With development, reduction in ribonucleic-acid 
content rapidly occurs, and nucleolus-associated chromatin accmnulates 
at the shri nk i n g peripheiy and persists, y 

The results for pernicious anaemia show that in 4 out of 5 cases 
examined a hyperplastic marrow, with many hsemocytoblasts, megalo- 
blasts an d giant metamyeloc^es , was accompanied by considerably 
elevated levels of nucleic aciclsT Ribonucleic acid was particularly 
raised, being concentrated chiefly in the cytoplasm and nucleoli of 
the abimdant stem cells and young megaloblasts. Treatment with 
hscmopoietic factors — ^purified liver extract or folic acid- — ^produced a 
reticulocyte response with rapid change in the structure of the 
marrow, excess of normally developing late erythroblasts and normo- 
blasts now predominating, but with hypercellularity similar to that 
before therapy. In the 3 cases studied during treatment the nucleic 
acids showed a fall towards more normal levels, and with subsequent 
improvement in the blood picture the marrow gradually returned to 
n normal cellularitj' and hemopoiesis, and the nucleic acids showed 
an entirely normal distribution. 

3 * TATH, BACT.— VOL, IX 
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The considerable fall in nucleic-acid levels during the time of the 
reticulocji^e response appears to be closely related to the great 
increase in maturity of the niarrmv, TJio stem cells fall to vdthin 
normal limits, presumabl}'' dividing and giving rise to normnll}' 
developing granulocj^tes and particularly to red cells. Tlie megalo- 
blastic series rapidl}’^ disappears and appears to mature through 
intermediate or normal stages ; more important than the mode of 
disappearance of the megaloblasts is the fact that subsequent 
generations of red cells arise and mature normallj'. 

One case of pernicious ana?mia (case 5 ) wliich shoved no raised 
nucleic-acid levels prior to therapy had a slightl}’’ h3'pocellular though 
megaloblastic marrow. H3q)erplasia of tlic marrow ma3' occur in 
man3’' severe or long-continued anseraias. Of tlie rcfractor3’ anaemias 
studied, patient E. B. (case 6 ) showed a h3'pcrplastic megaloblastic 
marrow with raised RNAP, the anremia being complctel3' rcfractorv' 
to all therap3^ Patient G. E. (case 7 ) was in slight relapse, the marrow 
was rich in partl3’^ matured er3i;hroblasts and tlie DNAP showed 
relatively greater elevation. Patient C. hi. (case 8 ), with macroc3d;ic 
ansemia, responded to purified liver extract and the cellular immature 
marrow with intermediate t3q)e er3i:hropoiesis returned to normal ; 
this was accompanied by a fall in both nucleic acids to ’within the 
normal range. In the case of patient F. H. (case 9 ), the macroc3’tic 
anaemia was accompanied b3’’ a very cellular, immature marrow with 
a mixed t3qie of hasmopoiesis and very liigh nucleic-acid levels, 
particularly of RNAP. Folic acid produced a more mature and normal 
haemopoiesis and decreased collularit3’- of the marrow, with a fall of 
both nucleic acids to normal, but the peripheral blood picture improved 
onl3' slightly. Ileticuloc3^osis was never more than 12'1 per cent. 
Purified and crude hver extracts subsequentl3' produced further 
improvement in the blood picture. 

/The good correlation between structure and the distribution of 
nucleic acids is well brought out in the two principal groups of abnormal 
results. Hyperplasia vith immaturit3^ of the marrow is associated 
^ with liigh values for both nucleic acids and more especiall3'^ for the 
RNAP. On the other hand, h3qjerplastic marrows v-ith many colls of 
medium maturity show a more pronounced elevation of the DNAP. 
The abnormal values would therefore appear to be related to the 
distribution of predominant cell t3qies at least as closely^ as to the 
increased total number of cells present. This is also borne out by' tlie 
rapid fall in nucleic-acid levels observed during the reticulocyde 
response in treated pernicious anaemia : the degree of maturity' 
changes without any obvious change in the total cellularity'. The 
gradual decline in ceUularity with recovery' is accompanied by' 
relatively slight further change in the nucleic-acid levels towards 
normal. ^ 
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STODLiJlY A^D CONCLtrSIOXS 

^1. The composition of aspirated sternal marrow has been investi- 
gated with regard to general histology, cytological distribution and 
content of ribonucleic and deoxyribonucleic acids hy chemical and 
liistochemical methods in (a) a group of 15 normal individuals, and 
(6) patients suffering fi:om various blood dyscrasias. The investigations 
have been repeated at intervals during treatment in 3 cases of penucious 
anfemia, 2 cases of macrocytic ansemia, 1 case of nocturnal hemo- 
globinuria and 1 case of cluronic myeloid leukemia. 

2. The accuracy of the methods in relation to the nature of 
aspirated sternal marrow is discussed. 

3. In the abnormal bone marrow the content of both forms of 
nucleic acid often considerably exceeds the ranges for the normal 
series. 

4. Increase in ribonucleic acid, and in deoxyribonucleic acid to a 
lesser extent, is particularly related to hyperplasia of the marrow and 
an increase in number of the more primitive ceU types. 

/5. Trom cytochemical evidence, the ribonucleic acid is located 
chiefly in the cytoplasm and nucleoli of the younger free cells and the 
amount diminishes progressively with maturation. 

6. Deoxyribonucleic acid may be elevated to a greater extent than 
ribonucleic acid in hyperplastic marrows, with predominance of 
partially mature cells. 

7. Increased maturity of the marrow as a result of treatment is 
associated with a fall in the content of both forms of nucleic acid to 
within the ranges of the normal series. 

8. In pernicious ansemia the fall in nucleic-acid levels is most 
marked during the reticulocyte response to hsemopoietic substances 
and is associated with the maturation of primitive cells possessing large 
nucleoh and basophilic cytoplasm, and with disappearance of the 
megaloblasts. Return to normal ceUularity and architecture is more 
.gradual, and the nucleic acids then come to lie within entirely 
normal limits. 

9. The relationship of the liver principle and of folic acid to the 
normal maturation of hsemopoietic cells is discussed, with particular 
reference to the metabolism of ribonucleic acid and to normal 
mitosis. / 


Our vrarmest tliaiiks are due to Prof. J. H. Dible and many colleagues 
of the British Postgraduate iledical School, including members of the technical 
and library staffs, for their interest and assistance in this work; also to 
Dr E. S. Anderson for help with the statistical treatment, to Mr V. Willmott 
for the photomicrographs, and to the fifteen normal volunteers, including 
members of the Friends’ .Ambulance Service. The expenses of part of this work 
were defrayed by a grant from the Medical Pvesearcb Council to one of us 
(J. D.), 
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JIELANIN-FORiMIKG EPIDERMAL TTO'IOURS OF 
THE SKIN: A STUDY OF 57 PERSONALLY 
OBSERVED CASES 


M. J. Stewabt and Geoegiajta M. Boxsee 

From ihe Departments of Pathology and Experimental 
Pathology and Cancer Research, University of Leeds 


(Plates V-VITL) 


1:5? 1926 Masson revived Soldan’s conception of the origin of benign 
and malignant melanomata of the skin. By means of histological 
research he shoved that these tumours are to be regarded as terminal 
neuromas of tactile nerves. He identified the pigment-forming cell 
or melanoblast with the Langerhans cell and assigned to it a nervous 
origin. 

Thus Masson regarded the skin melanomata as neurogenic, a view 
readily accepted for the choroidal melanomata. Other observations 
support this view, namely : skin melanomata are frequently associated 
with neurofibromatous elements in their deeper parts ; neither benign 
nor malignant melanomata ever show the sbghtest attempt to undergo 
epidermal differentiation ; the diversity of their histological structure 
is in keeping with a neurogenic theory. 

Having accepted Masson’s view, it becomes possible to separate 
from these a group of melanin-forming tumours of epidermal origin 
which differ widely in morphology and prognosis from the malignant 
melanomata. This group of tumours has been recognised in TYance 
for many years and appears also in German, American and Italian 
literature. There is singularly little reference to it by British authors 
and it would seem that British pathologists in general are unfamiliar 
with the distinction. 

In the literatme there is extraordinary confusion both of nomen- 
clature and of theories of origin of the pigment-forming cell. Most 
authors are agreed that the chromatophores of the dermis are wander- 
ing phagocjdes which have taken up pre-formed melanin. Controversy 
centres round whether the epidermal cells can form melanin or whether 
only specialised cells {dendritic in form and usually called melano- 
blasts) form the pigment, which is then passed on to the epithelial cells 
of the rete malpighii (“ action amboceptrice ’’—Masson). In our 
opinion, in the tumours under review, elaboration of pigment by the 
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neoplastic epidermal cells seems to be in accord 'with the appearances 
we have observed. 

The present paper is based on the c.vamination of 57 pensonnliy 
observed epidermal melanin-forming tumouns occurring in the human 
subject (table I) and 0 similar tumours induced by skin-painting 
with 3 ; 4-benxpjTcno in the mouse. The human tumours have been 
collected over a period of some 20 years, partly from routine biopsy 
and operation material, parti}' from material sent by other pathologists 
for an opinion. Thus information as to age, sex, duration, site etc. 
is sometimes lacking, but table II summarises such information on 
these points as we have been able to collect. For this purpose the 
tumours have been divided into two main group-S, comprising on the 
one hand squamous papillomas and on the other basal-cell and 
squamous cancers. 

Clinical aspects 

Age. Tliese tumours aro most frequently encountered over the ago of 50 
years. Only 3 of IG squamous papillomas and G of 27 caticcrs occurred before 
this age. 

Sex. The incidence in tlie sexes is approximately equal. 

Duration. Nearly all the tumours Imd been present for one year or more 
and approximately half had been present for 10 years or longer. 

Site. Half the tumours (24 out of 4G) were situated on the head 
or neck, the forehead and inner canthus being common sites ; 
approximately a third were on the trunk and a seventh on the limbs, 
of which all but one were on the lower limbs. One basal-cell cancer 
was situated on the labium majus. 

Colour. Tliis was not often recorded, but gradations from black 
or bluish to pale brown, grey or white were noted. French authors 
use the terra slaty (grisatre) as the characteristic colour of the pigment- 
forming basal-cell cancers. 

After-history. Information on this point was obtained in 17 cases 
— 6 of squamous papilloma, 9 of basal-cell cancer and 2 of squamous 
cancer, both of which, however, showed transition to the basal-cell 
(table I). No recurrence after treatment was observed during 
periods ranging from 1 to 13 5 'ears in IG of the 17 cases. In the 
remaining case (no. 47, table I) there were multiple pigmented 
spots in the groin, only one of wliich was excised ; during the 
following 6 years the remaining tumours grew slowl}' and ulcerated. 
These could have been removed but the patient refused operation. 


Histology 

The tumours may be classified into the t 3 q)es given in table III, 
but transitions occur, the most difficult to place being those regarded 
as squamous cancers with transition to the basal-cell tj'pe. The melanin 
can be seen, even when present in small quantit}^ in sections stained 
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Plate V 


MELAKD-’-TORMINO EMDER5IAL TUJtOURS 



Fig. 1. — Pigment-forming squamous papilloma situated just below the claAncle (case 
17). Tliere is surface keratinisation and large masses of keratinous material are 
present in the deeper parts of the tumour. In the stroma are melanin-containing 
phagocytes. X 60. 



1 IG. «. Siher staining (Massons method) of melanin in pigment-forming squamous 
papilloma of neck (case 12). The most heavily pigmented tumour cells are 
immediately adjacent to the stroma, in wliich melanin-containing phagocytes 
are present. X230. 






Table II 

Age, sex, duration and site of pigment-forming epidermal tumours 
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by the routine method of lu'cmatoxjdin and eosin. It is, liowevcr, 
much more clearly visible in sections stained bj' JIasson’s silver metiiod. 

Tauu; III 


Histological classification of 57 pigment forming epidermal tumours 


Group 1 

Tsix; 

XiimtsT of 
ca-cs 

A 

Pigmont-forminR Icprntinising sqiinmoiis piipillomfi'? . 

20 


Ditto, witli transition to bnsni-cell enneer 

1 

1 B 

Pigment-forming benign calcified cpithcliomnH . 

f> 

i C 

Pigment -forming bn»nl-ccll enneerfl ..... 

11 

) 

Ditto, with tendency to kerntinisntion .... 

12 


Intrn-opidermnl, pigment-forming bnsnl-cell cancers . 


' D 

Pigment-forming squamous cancers .... 

2 


Ditto, with transition to basal-cell cancer 



Total 

; 


Group A. Pigment-forming hcratinising squamous papillomas. 
The members of tliis group arc often designated acanthomas or hard 
moles. The tumours are, in fact, well differentiated, benign, keratinis- 
ing squamous papillomas, though the deeper parts are often very 
cellular, the cells being oval or spindle-shaped. Keratin is seen as 
laminae on the surface and as pearls in the deeper parts (fig. 1). 
These tumours are usuall}'- sessile ; only one in this series was 
pedunculated. In ever}' case the base was flush with the epidermal 
level. Melanin may be present in the cells of the rete malpighii — 
especially the basal layer (figs. 2-4), in phagocjdcs in the stroma, or 
in the keratin, frequently in all three. The quantity is very variable 
but in general it is most abundant in the phagocytes. In some 
tumours there is a transition from heavilj' pigmented basal cells to 
more lightly pigmented priclde cells (figs. 2 and 3). In one case (no. 10) 
transition to basal-cell cancer had occurred, half of the growtli lying 
deep to the general level of the epidermis. 

The tumours of this group are well differentiated and histologicall}' 
benign, but the deeper parts are usually more cellular than in their 
non-pigmented counterparts. Simple e.vcision is the treatment of 
choice. Deep to one tumour (no. 1, table I) were many h 3 q!erplastic 
sebaceous glands, the tortuous dilated ducts of which passed through 
the tumour to the surface and formed some of the keratin-containing 
cysts seen in the sections. An exactly similar appearance was described 
by Du Bois (1914-15). 

Group B. Pigment-forming benign calcified epithelioma. Two 
examples of this type were encountered. They are not heavily 
pigmented, but melanin is present in the epithelial cells lining the 








Plath 

Pio. 3. — Colour photograph of parallel section to that shown in fig. 2. IT. and E. 
X230. 

Fio. 4. — Melanin-containing tumour cells of squamous papilloma of neck (case 10). 
Note tliat nearly every coll contains jiigmcnt. xfiOO. 

Fio. !>. — Benign calcified epithelioma of thigh (case 22), showing melanin-containing 
epithelial cells, x fiOO. 

Fio. 9. — ^Intra-opitholial basal-roll cancer of back (case 27). IVliorlcd arrangement of 
pigment-containing tumour colls situated within the epithelium, x c. 180. 

Fio. 10. — High-power view of same field ns fig. 9. x 500. 
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forming variety of rodent nicer than in its non-pigmcnted counterpart. 
In some tumours mitoses arc abundant and the brandling columns 
penetrate vddety and deepl 3 \ Melanin is again present in the epithelial 
cells, in phagocjdes in the stroma (fig. 7) and in the adjacent normal 
epidermis ; in one case melanin was seen in the keratin (fig. 6). As 
in the group of squamous papillomas, the quantity is very variable. 
One tumour ivas composed of the usual branching columns in the 
dermis and there were in addition areas of intra-epidermal basal-cell 
cancer in the overl 3 nng epidermis (fig. 5). 

The pure intra-epidermal tjqie of tumour (5 cases) is rather different 
in that all the tumour cells lie within the epidermis. One (case 27) 
measured 12 mm. across and yet none of the tumour cells was outside 
the confines of the epidermis (figs. 9 and 10). In one case there was 
an adjacent pigment-forming squamous papilloma. An intra-epidermic 
melanin-forming basal-cell cancer was described b}’ Jada-ssohn (192G). 

Group D. Pigment-forming squamous cancers. All these cases 
show downgrowth into the dermis except case 55, where the tumour, 
measuring 11 mm. across, is pedunculated and there is doiragrowth 
onlj’’ into the pedicle. All are well-differentiated keratinising squamous 
cancers containing melanin within the epithelial cells, in phagoc^'tes 
and usual!}' in the keratin (figs. 11 and 12). The most heaWly 
pigmented of aU the tumours examined occurred in this group : it 
was black to the naked eye (no. 54). 

Induced pigment-forming squamous cancers in the mouse. In the 
course of observation of 47 squamous epidermal tumours induced 
in a strain of black mice (IF) vith 3 : 4-benzp}wene, it was noticed 
that 6 were melanin-forming. These tumours do not differ histo- 
logically from other squamous cancers induced by this means in 
mice of any coat colour, except that the basal epithelial cells, 
phagocytes and keratin all contain melanin (fig. 13). Tliis means 
of induction of pigment-forming epidermal tumours should be 
valuable in the study of the pigment-forming mechanism by the 
dopa reaction and other methods. 


Discussion 

In 1935, Touraine described for the first time a group of plaster 
casts made at the St Louis Hospital, Paris, between the years 1875 
and 1919 depicting 12 pigmented epithelial tumours situated in 
various parts of the body. He also collected 42 cases from the 
literature. Uncoloured photographs of 3 of the casts show very 
beautifully three types of melanin-forming basal-cell cancer — flat, 
exuberant and ulcerated with beaded margin. It is evident that the 
staff of the hospital had been familiar with the distinction between the 
melanin-forming epidermal tumours and the melanomata for many 
years. Listed in table IV are all the cases of melanin-forming squamous 
papilloma and benign calcified epithelioma wliich we have encountered 
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Fig. G. — ^Pigment-forming basal-cell cancer 
of abdominal vrall of cylindromatoub or 
cribriform type (case 30). Tliree well- 
defined tumour areas are present in a loose 
fibrous stroma. Abundant melanin is 
present, in the tumour cells, the intrinsic 
stroma of the tumour nodules and two 
eccentric keratinous whorls. X c. 30. 


Fig. 7. — ^High-power view of melanin-contam- 
ing phagocytes in the intrinsic stroma of 
the same tumour as fig. 6. X c. 120. 
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Ktfi. 11. — rif-niPiit- 

forniin;; stummoti't 
ranrpr of lo;; (rii'-o 
.‘(U). Ono korntinis- 
inp l•pII•nc■.t f-Iiows 
int’lnniri in tlir- 
korntin. x230. 


Fig. 12. — Same tumour 
os fig. 11. Jlelanin in 
the tumour cells and 
in a large keratinous 
focus (top right). 
XUO. 




Fic. 13. — Induced pig- 
ment-formmg squa- 
mous cancer in male 
mouse of IF stram 
painted n-ith 0-3 per 
cent. 3 ; 4-benzpy- 
rene in benzene for 
36 weeks ; in the 
centre, a whorled 
mass of keratin and 
around it melanin- 
containing tumour 
cells. X 140. 
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in n fairly considerable search of the literature. c have also collected 
57 cases of melanin-forming basal-cell carcinomas described by other 
authors (sec ” Additional references ”). A list of these has been 
lodged -with the Librarian, General Library, British Museum (Natural 
History’), London, S.W. 7. 

Perhaps the earliest reference is that of Pollio (IflOG), vho 
described 3 histological tj'pcs of pigmented tumour in a case of 
von Recklinghausen's disease, the last group comprising pigmented 
spots -without cell nests but ndth acanthosis. No illustrations arc 
given and it is not certain that the acanthotic hard mole is meant. 
Seven pigmented basal-cell cancers vere mentioned by Owen (1930), 
■without further description, as ocemring in a series of 836 surgically 
removed cancers of this tj^ic at the !Mayo Clinic. Dawson (1925) 
studied 37 examples of acanthotic mole and regarded them ns similar 
in origin to the melanomas (which in his view are derived from the 
epidermis) except that (p. 540) “ cell proliferation and cell pigmentation 
take place without cell detachment ”, thus explaining, in Dawson’s 
view, the absence of nsevus cells in the corium. Only one of Dawson’s 
tumours of tins group showed transition to malignancy. He stated 
(p. 537) that these tumours often occur in clusters in the same region, 
e.g. in the zones of the intercostal nerves. Bloch (1927) described 4 
melanin-forming epidermal tumours which he classified as benign or 
at most pre-cancerous ; these, from the illustrations, are of the type 
we have called pigment-forming basal-cell cancers. 

The age, sex, duration and site of the tumours described by other 
authors are in close accord -with what we have observed in our 
own series (table II). Touraine (p. 790) states that “le siege des 
epitheliomas pigment^s est indifferent,” but when our own cases are 
added to those of aU other authors there is no doubt that these tumours 
occur -with greatest frequency on the head and neck. This fact may 
explain the experience of many radiologists that pigmented tumours 
of the head and neck respond more readily to radiation therapy than 
those of other sites. 


There is considerable difference of opinion as to the promosis. 
Schropl (1927), Touraine (1935) and Gate et al, (1937) regard the 
prognosis as the same as that of the non-pigmented counterparts, a 
view in which we concur. HaUdn (1937), however, thinks that the 
pigmented forms are probably more dangerou's. The reason for this 
-view is his earlier observation that some of these tumours may 
develop at the site of previously present pigmented nmvi (meaning 
bemgn nmlanomata). We are inclined to think that he may have 
been confiisiag chromatophores -with nsevus cells. Touraine uses the 
paler colour md slower growth as the best clinical means of 
differentiation from the true melanomata. 

The complexity of the views of other authors on the question of 
lias already been mentioned. Masson thinks 
that only speciahsed ceUs of neurogenic origin can form melanin 
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M’liereas Blocli tliinlvs that all basal epithelial cells can form pigment 
•when stimulated functionall3^ Thus some authors, notablj' Touraine 
and Halldn, regard the presence of pigment vithin the tumour cells 
as due to the proximitj'- of the latter to the epidermis, which feeds the 
tumour cells •sv'ith pigment. Therefore, where ulceration has removed 
the surface epidermis, these authors would e.xpcct to find the tumour 
cells lacldng in pigment and tliis thej’’ claim lias gencrallj' been the 
case. Similar^, the\' have found the deeper parts of the tumours 
to be less pigmented than the more superficial parts. Gatd ct ah .state 
that pigmentation does not occur in ulcerated tumours. There is no 
erddence in our material that the presence of pigment in the tumour 
cells is dependent upon the presence of an intact surface epithelium, 
nor have we observed that the deeper parts of the tumours are le.ss 
pigmented than the more supcrficital. All the appearances go to show 
that the tumour cells form the pigment. 

In addition to the cases in the literature in which a single tumour 
or onlj' small numbers of pigment-forming epidermal tumours are 
described, there are cases reported ■with multiple lesions, sometimes 
e.vceedihg 200 in number and situated in all sites, but espeeialh' on 
the face, neck and back, of which one or more tumours proved on 
histological e.xamination to bo pigmented squamous papillomas or 
pigmented basal-cell cancers (table V). We have not encountered 
any such case in our series. 

Pigmented basal-cell cancers have also been described in relation 
to xeroderma pigmentosum (Kreibich, 1901 ; PoIIitzcr, 190.1). 
Blumenthal (1931-32) described a case of long-standing psoriasis, 
treated on more than 200 occasions ndth X-raj’s and given large doses 
of arsenic over a long period so that there was ullimatelj’’ generalised 
darkening of the skin, from which a pigment-forming basal-cell cancer 
was excised. It is impossible to determine whether tliis tumour 
merely participated in the genei’al arsenical changes. 


Sximmary 

A series of 57 epidermal pigment-forming tumours of the skin 
in man is described. Thej’^ are classified as squamous papillomas (21), 
benign calcified epitheliomas (2), basal-cell carcinomas (28) and 
squamous carcinomas (6). 

These tumours have nothing in common with the malignant 
melanoma of the skin or its benign counterpart, except that thej’’ 
are pigment-forming. Clinically they behave lilre the corresponding 
non-melanin-forming epidermal tumours, being simple, locall}^ malig- 
nant or frankly malignant as the case may be. 

The literature has been scrutinised for descriptions of similar 
tumours and the results analysed. 

Six examples of melanin formation in epidermal tumours induced 
by painting the skin of the mouse with 3 ; 4-benzpjTene are described. 
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AVo are especially intlobtcd to Dr J. T. Ingram for affording us access to 
his clinical notes. To many other colleagues and in particular to Profes-sor 
CjTil Poison wo are also verj’ grateful. 


REFERENCES 


Bloch, B. . 



, , 

1927. 

Arch.J. Derm, it, Syph., cliii, 20. 

Blumenthal 

• • 

• 

• • 

1031-3 

2. Zbl. J. haul. u. Geschlcchtshr., 
xxxix, 494. 

Ch’in, K. . 

. . 

. 


1033. 

Amcr. J. Path., i.v, 497, 

Dawson, J. W. . 



. , 

1925. 

Edirib. 3Icd. J., xxxii, 501. 

Du Bois, C. . 

, , 


• 

1014-1 

5. Atm. dc derm, ct dc syph., v, 385. 

Gat£, j., Massia, 

G.. 

A^'D 

1037. 

Ibid., viii, 337. 

Delbos, j. 

Halkin, H. . 

, , 

. 

. 

1937. 

Paris tndd., i, 241, 

Highjlin, B., and 

Ogde^-'i 

G. E. 

1911. 

Arch. Path., .xxxvii, 109. 

Jadassohn, J. . 



. , 

192C. 

Bcilr. kliti. Chir., cxxxvi, 345. 

Iareibich, K. 



. 

1901. 

Arch.J. Derm. it. Syph., Ivii, 123. 

Masson, P. . 



. * 

1920. 

Ann. d'anat. jxith., iii, 417 and C57. 

Millin, G., Perin, 
Attbert 

h.. 

AXD 

1932. 

Bull. Soc. Jratif, Derm. Syph., 
.xxxix, 1320. 

^Montgomery, H. 



. 

1929. 

Arch. Derm. Syph., Cln'cago, x.x, 339. 

Nisbet, T. AV. . 



• * 

1943, 

Ibid., xlvii, 373. 

Nomland, R. . 



• 

1929. 

Ibid., XX, 751. 





1932. 

Ibid., xx-v, 1002. 

Owen, May . 



. « 

1930. 

Arch. Path., x, 380. 

Paltrier, L.-M., 


Archam- 

1927. 

Bull Assoc, Jran^. cancer, xv'i, 835. 

BAULT, G, 

POLLIO, G. . 


• 

» 

1900. 

Arch.J. Derm. u. Syph,, lx.xx, 47. 

POLLITZER, J. . 


. 

• . 

1905. 

Ibid., l.xxi’i, 323. 

Schropl, E. 


. 

, • 

1927. 

Ibid., cliv, 01. 

Toubaine, a. . 



. . 

1935. 

Ann. dc derm, ct dc sijph., vi, 785. 

ViGNE, P. 

• ■ 

• 

• * 

193C. 

Bull. Soc. Jranf. Derm. Syph., 
xliii, 809. 

Weill, G. . . 

. , 

. 

. 

1934. 

Ibid., xli, 1789. 


Additional nEFEitENCES 


Becker, S. W, 


Bebtacctnt, G 

Bezecny, B 

Casazza, R 

Chasibess and Stokes 
Deland, C. M., Bull, L. B., and 
Cleland, j. B. 

Eller, J. J., and Anderson, N. P. 

Gate, J., and Michel, P.-J. . 

Halkin, H 

Nicolas, J., Massia, G., and 
Rousset, j. 

Oppenhebh 


Arch. Derm. Syph., Chicago, xxvii, 
277. 

Bull. Soc. fratif. Derm. Syph., xl, 
GG4. 

Le Cancer, ix, 241. 

Bull. Soc. franf. Derm. Syph., 
xxxvi, 627. 

Zbl.J. haul. tt. Oeschlcchtshr., xli, 292. 


1930. Ardt. Derm. Syph., Chicago, xxi, 
818. 

1934. .4wcr. J. Cancer, xxii, 71. 

1937. O. ital. di derm, c sif., Ixxviii, 1049. 
1936. Zbl.J. haul «. Gcschlcchtskr., 1, 101. 
1935-3G. Arch.J. Derm. u. Syph., cl.xxiii, Gl. 
1927. Arch. Derm. Syph., Chicago, xv, 722. 
1933. Med. J. Australia, i, 712. 

1933. 

1933, 

1932. 

1929. 

1932. 



MELAKIN-FORMIXG EPIDERMAL TUMOURS 


33 


Paudo-Castelm 1929. -4rc/i. Derm. Si/ph., Chiengo, xix, 

691. 

Pautriek, L.-M., a>'d Diss, A. . 1929. Bull. Soc. fratif. Derm. Syph., 

xxxvi, 49S. 

Pexella, L. De SA, akd JIorato, 1939. Presse m6d., xlvii, l.’;54. 

X. 

Botjsset, J., axd L6vy, A. . . 1933. Bull. Soc. Jran^. Derm. Sijph., xl, 

329. 

ScHORB, H. C 1934. AreJt. Derm. Syph., Chicago, xxix, 

773. 

Tottrain-e, a., Aini B-EXAirLT, P. 1935. Bull. Soc. franp. Derm. SypJi., xlii, 

644. 

TouraEvE, a., A^^D Reel, H. . 1944. Ah«. de derm, ct de sijph., iv, 297. 


J. TATn. BACT. — TOL. LS 


c 




s 


576 . 85 1 - 49 {SaJnioncUa chiitagong) 

A. iSTEW SALi\IONELLA TYPE : SALMONELLA 
CHITTAGONG 

Jo AX Taylor 

Salmonella Reference Laboratory, Colindalc ; Public Health Laboratory Service 

William Hayes and Joseph FREE^LI.^- 

Ccntral Military Pathological Laboratory, India Command 

and 

E. S. Axdebsox 

' Public Health Laboratory Service 

The Salmonella here described was isolated from the stools of a West 
African cook in Chittagong, Assam, South-Eastern Asia Command, 
during the course of a routine examination for enteric carriers and 
was sent by Major J. A. Boycott to each of our laboratories as an 
unusual salmonella for identification. Isolation was on S.S. agar 
(Difeo), the colony picked for investigation being small, circular 
and opaque, with a black centre. It was tested for purity on 
MacConkey’s agar before initial biochemical and serological 
examination. 


Cultural axd BiocHEsncAL EixnixGS 

The organism (no. 21340) was a motile Gram-negative bacillus, 
producing colonies on nutrient agar indistinguishable from those of 
sahnonellae. Acid and gas were produced in glucose, maltose, mannitol, 
dulcitol, arabinose, rhamnose, Isevulose, inositol, sorbitol, xylose 
and mannose. Lactose, sucrose, salicin, inulin and raffinose were not 
fermented. Indole and acetylmethylcarbinol were not produced ; 
the methyl-red test was negative, the organism grew in Koser’s citrate 
medium, and gelatin was not liquefied. 

Serological axalysis 
Somatic antigens 

Preliminary slide agglutination showed that the new organism, 
subsequently referred to as Salm. cJiittagong, was agglutinated by 
0 sera lil.X.XXVI, I.LLL. XTX and lil.XY ; in tubes it was 
agglutinated by an absorbed serum containing only factors X.XXYT 

J. PilH. BACT.— VOL. LX 35 
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and by another containing only factor XIX but not by one containing 
only factor XV. It was therefore thouglit that it probably contained 
factor III, together ndth other antigens present in 0 sera prepared 
ndth Salm. london (III.X.XXVI) and Salm. scnjtcnbcrg (I.III.XIX). 
Further worlr supported this view, ns in order completely to remove the 
homologous agglutinins from a serum prepared with Salm. clnltagong, 
an absorbing suspension containing both Salm. london and Salm. 
senftciiberg was required ; neither alone was effective. In order to 
prove tills hjqiothcsis tlio individual factors of the somatic comple.v 
were investigated. 

Table I 


Suspension 

Salm. Chittagong Ht'rum dilutions 










KiUne 

control 

10 

20 

no 

100 

200 

400 

goo 

1000 

3200 

Salm. Chittagong ( 0 ) 

4 - 

4 . 4- 4.x 

J- + 4 .+ 

4. 4. 4. 4. 

4. X X 4, 

+ + + + 

4 - 4 - + 

+ 4 



Salm. london ( 0 ) . 

4. 4. 4. 4. 

4 * 4 * 4 - 4 * 

4.4.X4. 

X4.4.4- 

4.4.X4. 

4. ^ 4- 4 . 

4. 4. 4. 4. 

X 4 - 


"" 

Salm. nexnngton ( 0 ) 

4. 4. 4-0. 

4. a. 4. 4. 

x 4 . 4 , 4 . 

X4.X4. 

4. X 4. 

4 * X 4 * 

X 

— 

— 


Salm. m\nn($otaiQ) 


4- 4. 4. 4. 

4.4.XX 

4. 4. 4. 4- 

X *7- X 4. 

4. X 

— 

— 

— 


Salm. tenJUnb^ ( 0 ) 

4. 4> 4> 

T 4 " 4 " 

4. 4. X 4 - 

X X X X 


4 * 4 “ 4 * 4 - 

4.4. 

— 

— 

— 

Salm paraluphi AlO) 

+ 

X 



- 

“** 


“ 




+ + + 4- coniplcti' (iRKlutlnAtlon 

+ + + flRclHtln.'itlon not quite complete 
+ + « ell-markeil ncslutlnatton ultliout pedlincniatlon 
+ tmeo visible to n.nkcd eye 
± trace tlslblc only with IcM 


Table II 


Su«ipcnsIon 

Salm. Ifnjlrnbtry Fcrum dilutions 

50 

100 

200 

400 

BOO 

1000 

3200 

Saline 

control 

Salm. Chittagong ( 0 ) 

4.4.4.x 

4444 

+-^++ 

444 





Salm. london ( 0 ) . 

4.44.4. 

4444 

++++ 

+ + + 

+ 

— 


— 

Salm. anatum ( 0 ) , 

+ + + + 

4444 

4 J. 4 4 

+ + + 

X 

— 


— 

tenStenherg ( 0 ) 

44x4 

+ + + + 

4 X 4 X 

4444 

4x4 + 

+ + + 

— 

— 

Salm. newington ( 0 ) 

4 4 4 X 

4444 


44 

— 

— 

— 

— 

Salm. paratyphi A ( 0 ) . 

+++ 

+ + 



““ 





Table III 


Suspension 

Salm. london serum dilutions 

50 

100 

200 

*100 

goo 

ir.00 

3300 

Saline 

control 

Salm. Chittagong (0) 

4 4 4 4 

+ + + + 

4- 4. 4. 4- 

4. 4. 4. 4- 

+ + + 

+ 


■■Hj 

Salm. london (0) . 

+ 4- + -i- 

+ + + + 

+ ++ + 



X 



Salm. senftenberg (0) 

+ + + + 

4444 

4444 


+ + 


... 


Salm. nexcingion ( 0 ) 

++++ 

4444 

+ + + + 

+ + + + 

+ + + 



■ 


Tables I-III show the serological relationship between Sahn. 
Chittagong (0) and organisms of the III.X.XXVI group (Sahn. london), 
the I.III.XIX group (Sahn. senftenberg), and the III.XV group (Salm. 
newington). Only factor III is common to these three groups of 
organisms. 
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Table IV gives the result of the absorption of Salm. scnjlcnbcrg 
(0) antiserum with Sahn. chitiagong, pro\'ing that the factor common 
to SaJvi. Chittagong, Salm. london (III.X.XXVI) and Salm. ncwhtglon 
(m.XV), has been removed completclj' and the titre to the homo- 
logous strain reduced bj' 75 per cent. Tlicse results ctjtablish the 
presence of factor III in Sahn. chitiagong. 


Table IV 


Suspension 

Salm. lenflenhtTO (0> fcnim absotbeJ wltli Salm, ehiltagong 

25 

50 

100 

200 

400 

800 

SnIIne 

control 

Salm. chittagono (0) . 


_ 

■ 

_ 

_ 

_ 


Soim, iondon (0) 

— 

— 


-* 

— 

— 

— 

Salm. tenfltnbtrg (0) . 

+ + -!- + 


+ + + + 

+ + 

+ 

— 

— 

Salm. neicington (0) . 

-- 

— 


— 


— - 


Salm. paratuphi .A. (0) 









Reference to tables I-III suggests that, while there can be a single 
factor common to all the groups, there is the possibility of a relation- 
ship between other factors of the new strain and of any single group. 

Proof that the formula was some combination of the Ill.X.XXIty 
and I.m.XIX complexes was afforded b}’’ absorption of Salm. 
Chittagong antiserum with Salm. senftenberg (table V), followed by 
absorption with Salm. anatum (table VI). Similar results were 
obtained when the order of the absorbing suspensions was reversed. 


Table V 


Suspension 

Salm. chitiagong serum absorbed 
rvith Salm. tenjtenberg 

25 

50 

100 

SaUne 

control 

Salm. chxtlaQonQ (0) 

+ -8 + + 

+ + 



Salm. anatum (0) - 

+ + 




Salm. unflenbcrg (0) 



_ 


Salm. london (0) 

+ + 




Salm. newington (0) 




— 


Table VI 



Salm. Chittagong serum abcorbed 


with Salm. ccnflenbcrg-rSalm. 

Suspension 


anaium 


25 

50 

Saline 

control 


Salm. Chittagong (0) 




Salm. anatum (0) 




Salm. tenftenberg (0) . 





Salm. london (0) . 


~ 

— 


A Salm. anatum antiserum containing agglutinins to factors ITT 
and X only was absorbed with Salm. chiitagong, which removed all 
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the homologous agglutinins, 
(table VII). 


thus proving the presence of factor X 
Table tTI 


Sn-ppn'>lon 

Salm. nnatiim prnini nlxorljcd i 
Wltli Salm. thiUaQong j 

2:; 

fiO 

Kalin*' 

control 

Snlm, rhittngoriQ {0) 




iiohn. amWtn (0) 

— 

— 

— 

Sabn. ffnftenb^ (0) 


— 

— 

Salm. london (OJ . 





Absorption of Sahn. clnUago7ig .serum u'itli Sahn. senftenberg 
(table V) greatl3' diminislicd the titres to the homologous strains and 
to organisms of the III.X.XXVI group. The residual agglutinins 
might represent factor X or factor XX^T!, or both. However, it has 
been proved that factor X is present in Sahn. chittagorig. It remained 
therefore to establish whether or not factor XXIH was also present. 
An antiserum prepared against Salm. ?ninncsola (0) (XXI.XXVI) 
agglutinated Sahn. chitlagong (0), though to a lower titro than other 
salmonella; containing factor XXVI (table \TTI). 


Table t’lU 


Suspension 

Salm. minnefola (0) rt*rum dilutions 

10 

20 

-10 

80 

100 

320 

C40 

12 S 0 

Saline 1 
coiilrnl j 

Salm. chitfaffonQ (0) 

++++ 

4- + + 

+ 0 . 

+ 




_ 


Sahn. london (0) 

+ + + 

-f 4 - ^ ..f 

4* 4 4" 4* 

4 4 4 + 

+ 4 + -^ 

4444 

+ + + -^ 

— ■ 

— 

Salm. mxnnetota (0) 

+ + + 

4- 4" 4* 4- 

+ 4 4-4- 

+ 4 4 4 

4 + 44 

44 + 4 

^ 4. .f ^ 


— 

Salm. anatum (0) . 

+ + + 

4* 4* 4* 4- 

4 + 44 

4+44 

4 4 + 4 

4 4 4 

4 + 




Absorption of Sahn. minnesota serum with Sahn. london removed all 
agglutinins to Salm, london, Sahn. anatinn and Sahn. chiUagong 
(table IX). 

Table IX 


Suspension 

Salm, rninnetota scrum nbiorbcd ultli Salm. london 

10 

20 

40 

80 

100 

320 

C40 

Saline 

control 

Salm. chittagono . 



_ 






Salm. london 









Salm. minnetota . 





4 + 




Salm. anatum 






— 

— 

— 


Since the initial titre against Sahn. chitlagong was onlj*- 1 : 40, the 
proof of the presence of factor XXVI in this strain was not conr-incing. 
Absorption of Salm. minnesota antiserum with Sahn. . chitlagong 
reduced the titre of the serum to all strains containing factor XXVI, 
with a 90 per cent, loss for Salm. london and Salm. anativm and a 
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75 per cent, loss for the honiologovis strain (table X.), thus pro\ing 
the presence of factor XX\'I in Sahn. cliiiiagong. 


Tabue X 


Su«p<;n«ton 

Slim. TninnfJof-i ( 0 ) f-nim nli^orlKd with Salm 

cAif/njonj 

10 1 30 

CO 

120 

210 

4‘0 

ono 

.‘-illnf 

control 

Salm cAiKajonj ( 0 ) 

_ t _ 

_ 



- 




a,a.4.a- a-a-o-o- 

, , 

— 





Snip! jjunnrf^a iO) 



4 . 4. O. A. 




— 

Snhn anniuni CO) s 


4 - 0 . 







Factors IH.X and XXW are present in Salm. chiUagong, but 
absorption of Salm. chiUagong serum was complete only w-ith a 
mixture of m.X.XX'ST and I.III.XIX. It remained to ascertain 
wliich components of the I.III.XIX group were present in addition 
to factor III. Absorption of Salm. chiUagong antiserum with Sahn. 
anatum or Salm. london left an appreciable titre to Salm. senjtcnberg 
(tables XI and XII). 

Tabue XI 


( 

I Salm e/uWaoonj temtn ab«oil>ctl vrSth Sofm cnatum 

! 25 

50 

100 

200 

Saline control 

Salm ehiUagoni; (0) . . . 1 — ‘• 

Salm onalum (0) , , — 

Salm tmfienhara (0) . . ' J 1- 

Salm london (0) . ' — 

1 1 

4. ^ 4. 4. 

^ 4. 4. ^ 

i - 

1 - 

— ~ ■ -i ~ ■ 

- 


Tabij: Xn 


Su>pen3ioTi 

Salm Chittagong serum absorbed vrilb Salm 

london 


10 

20 

40 

£0 

160 

320 

C40 

Saline 

control 

Salm Chittagong (0) 


^4-4-4- 


^4.4.4. 

4. 




Salm london (0) 


— 



_ 




Salm tenjUnlkTg (0) 

4. 4. 4. 

-T-^-r 

+ + 

4- — 4. 


__ 




Saifm paratyphi A (0) 

: 






— 

— 


This residual titre could be due to agglutinins to factor I or factor 
XIX, or both. It will be seen (table XIII) that Salm. paratyphi A 
antiserum agglutinates Salm. chiUagong, and (table I) that Salm. 
chiUagong serum agglutinates Salm. paratyphi A. 


Tabi^: xm 


Su^pea^Iou 

Salm patatvpfti A ( 0 ) semm dilntions 

10 

20 

40 

80 

160 

320 

640 

1280 

2560 

Saline 

control 

Safm Chittagong ( 0 ) 

++ 

+ 

— 

~ 







Salm paralvphi A (0) 

+ -r + + 


4. 4 . 4 . 4 - 


+ + + 

*4.4.^ 



4- 



Solm Hnjtenhcrg (0) 

+ + + + 


4 - 4. 4,-1. 


4. 4-^4. 

4. ^ 4- 4.. 

T-^T-^ 

T- 4 -* 


- 
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Absorption of Sahn. j)aratyphi A anliserum with Sahn. cInUagong 
markedly reduced the titrc of this scrum to both Sahn. paralijplii A 
and Sahn. senftcnbcrg (tabic XIV). 


TAni-r. XIV 


S»*»lK'ns!on 

paraltfphi A f<’riim n)i«orl»(l ivllh Salm. chitlajong 

10 

-0 

40 

so 

If.O 

320 

j control 

Salm. chittagonij (0) . 

- 

- 


- 

- 


- i - 

\ 

Salm. tfnflfnbcrff (0) . 

■4- + + + 

+ + + + 

4- -r -r + 

+ + 

4- 

- 

— t "■ 

Salm. paralj/phi A (0). 

+ + + + 


a. J. a. 

+ + -•- + 

+ + 


- i - 


Agglutination of Sahn. senflenbcrg by Sahn. paratyphi A antiserum 
is due to factor I, which is common to both organisms. This reduction 
in titrc to Sahn. senflenbcrg was explained by the presence of factor I 
in Sahn. chittagong, but since the absorption was not complete it was 
concluded that factor I exists in the partial state in Sahn. chiiiagong. 

Preliminary absorption of Sahn. chiiiagong antiserum with Sahn. 
london (table XII) followed b}’ Salm. gjaratyphi A (table XV) shows 
that the residual titrc to Sahn. senflenbcrg is unaltered bj* tlie second 
absorption. 

Tablk XV 


Suspension 

Sahn. ehittagong prnim nl)«or)>cd 

Sahn. london 4- Salm. paratyphi A 

10 

20 

40 

so 

ICO 

320 

Falinc* 

conlro! 

Salm. chiiiagong (0) 


++++ 

4- 4- 4- 4- 

4-4-4* 

+ 

m 

fm 

Salm. london (0) . 








Salm. renftcnWrg (0) 

+ + 4-4* 

^ ^ ^ 


4- 4- 4- 4- 

4* 4- 



Salm. parati/phi A (0) . 






B 

■ 


These absorptions removed all agglutinins to factors I, III, X 
and XXVI. The residual titre to Sahn. senflenbcrg must therefore 
be due to factor XIX, since all homologous agglutinins are removed 
from Salm. chiiiagong antiserum by absorption with Sahn. london 
followed by Salm. senflenbcrg. Absorption of Sahn. senflenbcrg anti- 
serum with Salm. chiiiagong removed aU factor III and factor I 
(table IV). A residual titre remained to Salm. senflenbcrg. This could 
only represent factor XIX. It -was therefore concluded that this 
factor is present in the incomplete state. 

The somatic complex of this organism is therefore (I).III.X.(XIX). 
XXVI. 

Flagellar antigens 

Formolised broth cultures of Salm. chiiiagong were agglutinated by 
Salm. paratyphi B (H, phase 1) antiserum to its titre but by no other 
flagellar antiserum. Similarly, antiserum produced to Sahn. chiiiagong 
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H a^’gMinatcd Sahn. jnraUjphi B (H, phase 1) suspension to its 
homologous litre. Flagellated suspensions of both tjims removed all 
H agglutinin from their heterologous antisera. The identity of the 
flagellar structure of the prevalent phase of Sahn. chiUagong and 
phase 1 of Salm. paratyphi B, containing the factor “ b ivas thus 

demonstrated. _ , v i 

The original egg-slope culture of this strain, made immediately 

after receipt of the organism, ivas plated. Thirty-six colonics were 
picked and seeded to broth and agar slopes. The broth cultures were 
formolised after 5 hours’ incubation and tested against Sahn. paratyphi 
B (H, phase 1) serum. The culture from only one colonj' failed to 
agglutinate, suggesting that this organism possesses a second phase. 

The somatic component of tliis second flagellar phase was shown 
to be identical with that of the alternate phase. Of a large number of 
H antisera tested, Sahn. chittagong (phase 2) was agglutinated to a 
significant litre onl 5 ' by Salm. paratyphi A (H) serum. The serological 
reactions of Salm. chittagong (H, phase 2) and its homologous anti- 
serum are shown in table XVI. 


Table XtT 


H antiserum 

Homologous 

tltrc 

H suspension 

Titre 

Salm. paratyphi A (CAI.P.L.*) . 

Salm. paratyphi A (Oxford standard) . 
Salm. paratyphi A (Dr Scott) . 

’■ 'M.P.L.) 

Xo. 21340 (phase 2) (Salm. Bef. Lab.) 


21340 (H, phase 2) 

21340 (H, phase 2) 

21340 (H, pliasc 2) 

21340 (H, phase 2) 

21340 (H, phase 2) 

21340 (H, pliasc 1) 

Solm. paratyphi A 

Salm. paratyphi B (phase 1) 
Salm. paratyphi A 

1 :10 
l:123 

1 :200 

XU 1 : 10 
Xil 1 ; 25 

1 :2000 

1 : 10,000 

1 :800 

1 : 1600 


♦ C.1I.P.L. = Central Military Pathological Laboratory, India Command. 


The second phase of Salm. chittagong was also readily obtained by 
passage through semi-sohd (0-3 per cent.) agar containing antiserum 
to Salm. paratyphi B (H, phase 1). 

Results of absorption tests, employing a suspension of naturally 
acquired phase 2 organisms only, are given in table XVTI. 


Table XVH 


1 H antiserum 

Absorbing suspension 

Titre against 

Salm. parati/phi 
A(H) 

Xo. 21340 
(H, phase 2) 

Salm. paratyphi A (Oxford standard) 

Xo. 21340 (phase 2) . . . 

TJnabsorbed 

Xo. 21340 (phase 2) 
Unab=sorbed 
.Salm. paratf/phi X (H) 

25,600 

25,600 

1600 

XU 1 : 100 

6400 

XU 1 : 100 
25.600 

12,.SOO 


It is clear from these experiments that Salm. chittagong (H, phase 2) 
has only minor antigens in common with Salm. paratyphi A (H). 
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Salin. cliiUagong (H, phase 2) antiserum, absorbed with a suspension 
of Salm. j)aral!/pln A (H)+B (H) and having a liomologous titro of 
1 ; 12,800, was then tested in 1 : 100 dilution against a series of 
Salmonella (H) suspensions covering among tliem all the flagellar 
antigens hitherto described. Salm. poona (H) (z) was agglutinated, 
the titre of the serum for this tj'po being 1 : 800. On absorption of 
phase 2 serum with Salm. poona (H) (z) the liomologous titre was 
reduced from 1 : 12,800 (standard) to 1 : 12,800 (trace), showing that 
the reaction was due to minor antigenic similarities. This was further 
proved by the fact that Sahn. poona (H) (z) serum, homologous titre 
1 : 32,000, agglutinated Salm. chittagong to 1 : 200 only. It was con- 
cluded that phase 2 was not present in any salmonella previously 
described. Therefore it is designated Z35. 


Discussion* 

Sahn. chillagong is of interest on account both of its somatic 
antigenic structure and of its second flagellar phase. The somatic 
structure contains all the antigens Salm. anatum and Salm. scnftc7i- 
berg. P. R. Edwards, in a personal communication, informs us that 
he has found three strains of the paracolon group of organisms, 
isolated from snakes, having flagellar antigens closely related to 
phase 2 of Sahn. cliiUagong. It is possible that strain Salm, chittagong 
may liave originated from a snake, because West Africans ate these 
reptiles, wliich were not uncommonly found in their Idtchons in Assam. 

The antigenic formula of Sahn. chittagong is, therefore ; (I.).III.X. 
(XIX).XXVI ; b^ — J-Z35. 

No evidence as to the pathogenicity of Sahn. chittagong for man is 
available. 0-5 ml. of an 18-hour broth culture of Sahn. chiitagojig 
was inoculated intraperitoneally into each of three mice. These died 
after 1, 8 and 20 da5"s respective!}^ and Salm. chittagong was recovered 
from cultures of the heart blood and spleen of each mouse. 

SuMjUARV 

1. A new salmonella tjqie has been isolated from the stools of a 
West African army cook in the course of a routine examination for 
enteric carriers. 

2. The antigenic formula of tliis type is (I).III.X.(XIX).XXVI ; 
b-< — >-Z35, “ Z35 ” being an antigen not hitherto described. 

3. It is proposed that the new t}'pe should be known as Sahn. 
chittagong. 

We wish to record our indebtedness to Dr F. Kanffmnnn, State Serum 
Institute, Copenhagen, and Dr P. B. Edwards of the Department of Animal 
Pathology, University of Kentucky, for their interest in the work on Salm. 
chittagong ; and to Major J. A. Boycott, R.A.M.C., by whom the strain was 
originally isolated. 
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AN ANALYSIS OF CERTAIN FACTORS ASSOCIATED 
■SWTII THE PRODUCTION OF EXPERIMENTAL 
DISSECTION OF THE AORTIC SIEDIA, IN 
RELATION TO THE PATHOGENESIS OF DIS- 
SECTING ANEURYSjM 

J. S. Robeetsox and Iv. Vixer Smith 

From the Dcparlmenl of Pathology, University of Sydney 

Ix a small series of observations made for inclusion in a recent clinical 
and pathological review of some cases of dissecting aneurj^sm of the 
aorta (Halliday and Robertson, 1946) one of us (J. S. R.) noted that 
remarkably high pressures (of the order of 600 mm. Hg. and often 
more) were required to produce artificial dissection of the aortic 
media in the cadaver. The number of aortas examined at that time 
was too small to allow any conclusions to be drawn. It seemed worth 
while, however, considerably to extend our observations, in the hope 
that statistical anatysis of a much larger body of data might allow sex 
or age differences to emerge, or erddence as to the relative resistance 
to dissection of different regions of the aorta and on the influence of 
other factors enumerated below. The present paper reports the 
results of such an anatysis of 42 cases. 

Since the pioneer work of NichoUs (1727-28, Bums (1809) and 
Peacock (1843), several papers have appeared in which the possible 
mechanical factors operating in cases of dissecting aneurysm of the 
aorta have been the subject of experimental enquiry. These are 
reviewed in the monographs of Shennan (1934) and Sailer (1942), 
Much of this work was done many years ago, and only occasional or 
at the most small numbers of vessels were examined. The interest 
usually centred on the pressure required to bmrst the aorta as a whole 
(Oppenheim, 1918 ; Bdotz and Simpson, 1932 ; Moritz, 1932 ; 
Schnurbein, cited by Sailer, 1942) or on the nature and course of dis- 
sections produced mechanically by forcing fluid into the vessel after 
mural damage of various t 3 rpes had been produced (Peacock). We 
have found no references to studies based on larger numbers of aortas, 
nor to the degree of pressure needed to produce the actual dissection 
and splitting apart of the planes of the tunica media. It is this aspect 
of the problem which we have studied in the present investigation ; 
that is, we have measured the head of pressure required to cause fluid 
injected into the media to burrow its way through its substance. At 
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the same time notice lias been taken of other possibly’ associated factors, 
namel}' age, sex, the length of time between the deatli of the subject 
and the taking of tlie measurements, the degree of associated atheroma 
and the jiresence or absence of arterial hyjicrtension and h 3 'pertrophy 
of the left ventricle, as well as other factors considered relevant in 
jndmdual cases. 


Materials and methods 

Adult subjects coining to autopsy in tlio Royal Prince Alfred Hospital, 
Sydney, provided tbe material. All bodies were stored in a refrigerating elininbor 
at 40° F. before autopsy. The period of refrigeration was somowlml loss than 
the number of hours since death, the difference being the time beUvecn death 
and the carriage of the body to the hospital mortuary. The ca.ses were not 
consecutive, but aortas were studied ns often ns the work of a largo routine 
and teaching department permitted. 

After removal from the body the aorta vas washed briefly. Nine pieces, 
each approximately 2 cm. square, were cut from it, three from each of three 
regions, namely the ascending (intrapcricardial) portion, the arch, and the 
descending (abdominal) portion. Areas of obvious atbcroina wore n^•oidcd. A 
hjTiodermic needle connected by pressure tubing to a sjTingo filled with water 
and also to a mercurj’ manometer so arranged that the height of the mercury 
meniscus measured the pressure at the point of the needle was then carefully 
inserted, parallel to the intimal surface, into the media of the piece of aorta 
under investigation, approximately to the centre of the piece. Great care was 
taken not to allow the needle, in its passage from the c<lgo to the centre, to 
pass out of the medial coat into the intima or adventitia. The pressure in 
the sj’stem was then slowly increased and the pressure noted at which a blob 
of water formed at the needle point, pushed out psoudopodia-liko projections 
and spread through the substance of the mctlia. This end-point was usually 
sharp, and readings were possible to an estimated accuracy of ile mm. Hg. 
The measurements were thus “ acute ” readings and did not take into account 
the fatigue, in the physical sense, of the structures under stress. Tlio degree of 
atheromatous disease affecting the various regions of the aorta was then noted 
according to a system of scoring in which the sj-mbols O (none), (moderate), 
-h and represented increasing degrees of severity. In a similar way the 
degree of hypertrophy of the left ventricle of the heart was recorded as (— ) 
(smaller than usual) ; N (normal in size) ; (moderate hjportrophy) and 
-)- (considerable hjpertrophy). Tlio sox, age, number of hours since death, 
blood pressure records and heart weight were also noted. 


Atialysis of results 

Tbe detailed findings in 42 cases are given in a table wliich has 
been deposited with the Librarian, General Library, British Museum 
(Natural History), London, S.W. 7. Some statistical averages derived 
from this table of original data are set out in table I. 

It was found that there was very considerable variation between 
individual measurements, even those made on pieces cut from the 
same region of the one vessel. In spite of this all measurements 
represented high pressures. The lowest figure recorded -was 230 mm. 
for the pressure at which dissection of the media occun-ed (hereafter 
termed the dissecting pressure). This occurred in one portion of the 
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descending aorta in case IG, a male aged GS years wlio Iiad died 
from rupture of a saccular aneurysm of the abdominal aorta. The 
dissecting pressures of the two other pieces of abdominal aorta in this 
man were 465 and 480 mm. Hg. The highest dissecting pressure of 
the whole series was 975 mm. Hg. in the arch of case 6, a diabetic male 
aged 44 years, while tJio grand mean was 5G6 mm. Hg. Tlic inference 
to be drawn from this is that the normal aortic media is well able to 
withstand the aortic blood pressure should the blood contained in 

Table I 


Means of individual observations 



Age 

(years) 


Heart 
weight (g.) 

Directing pressure (mm. Ilg) 


death 

(hours) 

A'lccndlnp 

nortA 

Arch 
of aorta 

De^cendinR 

aorta 

1 

Combined 

Mean 

54-2 

17>5 



5C4-0 



Standard 

1 deviation 

14-2 

S-4 



85-0 



1 Standard 
error of 

1 mean 

2-2 

1-3 

21-2 

IG-l 

13-3 

11-0 

10-7 


the vessel gain access to the media through any local intimal defect. 
This inference is strengthened by the fact that these measurements 
were made on flat unstretched pieces of aorta, while in life the aortic 
wall is subjected to a distending pressure equivalent to 120-150 mm. 
Hg., which would tend to resist dissection. These results confirm, 
from a different aspect, the now widely accepted view that the media 
must be extensively and markedly weakened by disease for any 
dissection to be possible. 

The analysis of variance for the entire series of observations is 
shown in table 11. 

Table H 


Analysis of variance of dissecting 'pressures 



Degrees of 
freedom 

Sums of squares 

Mean square 

Variance ratio F 

Between regions . 
(Linear) . 
(Second degree) 
Between cases 
(Between sexes) 
(Within sexes) . 
Interaction 
(Region X sex) . 
(Region X case) . 
Within subclasses 

2 

1 

1 

41 

1 

40 

82 

2 

80 

252 

835891 

794449 

41442 

1890284 

16218 

1874066 

1165820 

29696 

1136124 

2625150 

417946 

794449 

41442 

46104 

16218 

46852 

14217 

14848 

14202 

10417 

29-39* 

55-94* 

2- 92 

3-24* 

1-14 

3- 30* 

1-000 

1-04 

1-00 

0-73 

Total . 

377 

65 I 71 45 




* = an F value greater than the 1 per eent. level. 

















4C 


J. S. BOBERTSON AND K. VJNEB SMITH 


T]ie proper comparison of mean squares is, for tlie preliminary 
analj'sis, with the mean square 14217 of the general interaction, and for 
the znore detailed analj’sis n-ith the mean square 14202 of the interaction 
“ region X case The values of the variance ratio F for both 
“ regions ” and “ cases ” arc well be 3 'ond the 1 per cent, point. 

The “ between cases ” sum of squares has been further analj'scd to 
throw light on the influence of sex. The “ between sexes ” mean square 
1621S, however, with its corresponding F of 1-14, indicates that there 
are in this material no sigm'ficant sex differences in dissecting pressure. 
The significant portion of the “ between cases ” sum of squares is 
thus the value 1874OG0 for “between ca.ses within .sexes”. Thi.s 
has, however, no special biological meaning, boj'ond indicating the 
variabilitj' of resistance to dissection from case to case. 

The large and significant “ between regions ” F value is important, 
as it indicates that there is a real regional variation in resistance to 
dissection. Further, use of the t test showed that the rc.^istance of 
the ascending portion of the vessel is significant!}’ greater than that 
of the arch, and the resistance of the latter greater than that of the 
descending portion. 

The nature of the trend along the vessel of variation in resistance 
to dissection may be further nnaly.sed by separating the " between 
regions ” sum of squares 835891, based on 2 degrees of freedom, into 
2 independent portions, each based on 1 degree of freedom, of which 
one (say “ L ”) represents the sum of squares accounted for by a 
linear decrease in resistance down the vessel, and the other (say 
“ S ”) represents the sum of squares duo to any departure from 
linearit}’. 

If the sum of the 3 sets of observations, each of 12G readings, 
made on the ascending aorta, the arch and the descending aorta be 
denoted respectively by A, B, and C, then, as the readings Bv(for 
the arch) were made in a region approximate!}’’ one-third of the distance 
along the aorta between the regions in wliich A and C were taken, the 
appropriate separation of the sum of squares is given by these 
multipliers : 



For L 

I 

For S 

A 

+4 

-i-2 

B 

-f 1 

-3 

C‘ 

-5 

-fl 

Sum of squares of multipliers . 

42 

14 


In other words the two contributions are : — 
^ _ (4A-fB-6C)® 
42x126 ’ 

= 794449 
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, (2A-3B+C)= 

^ i4;a2r"’ 

= 41442. 

(L+S = D, where D is the total “ between regions ” sum of 
squares, i.e. 835891.) 

Comparison of L and S, each based on one degree of freedom, 
with the mean square 14202 of the “ region x case ” interaction, 
furnishes a liighly significant value of F for L, but not for S. The 
evidence therefore favours the view that there is a linear decrease in 
resistance on passing do'wn the vessel, without an}' superimposed 
curvilinear trend. 

The importance of using the mean square 14202 of the “ region X 
case” interaction for testing the various other mean squares is 
confirmed by testing this interaction against the “ within subclasses ” 
mean square 10417. This procedure gives a value of F of 1 : 36, with 
degrees of freedom 80 and 252. The corresponding value of z is 
0-1540, which is just greater than the 5 per cent, point 0-1432. 

The possibility that post-mortem changes had altered the resistance 
to dissection of the media was tested by correlating resistance with 
the time that had elapsed since death. The figure used to express the 
resistance of each vessel for this comparison was the mean of the 9 
observations made on the vessel. On general grounds it might be 
expected that post-mortem changes would cause a decrease in 
resistance ; in fact, under the conditions of the investigation (all 
cadavers being stored in a refrigerator after death), no correlation 
between the two factors was demonstrated (table III). 

Tabue in 


Table summarising correlation analyses 



Mean dissecting pressure (mm. Hg) correlated with 

age (rears) 

hours since 
death 

heart weight 
(g.) 

state of left 
ventricle* 

Correlation coefBcient r . 
Corresponding value of z 

Standard error of z 

z/S.Ez 

-0-3398 

0-354 

0-1601 

2-21 

-0-054 

0-054 

0-1601 

0-33 

-0-095 

0-095 

0-1601 

0-59 

-0-116 

0-1165 

0-1601 

0-73 


• The arbitrarr scores 1,2,3 and 4 are allotted to the sj-mbols ( — ), X, + and + for this correlation 


The association with the age of the subject was tested in a similar 
manner (table III). The expected result of a negative correlation 
between resistance and age was realised, but although the coefficient 
attained a significant level it was not large. Clinically, however, 
the predominance of cases of dissecting aneurysm of the aorta in 
older persons is sti^g (Shennan). The present figures suggest 
that although there is a real diminution in resistance with advancing 
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years, in normal persons it is of slight degree, and that even in old 
age the media is a very strong structure, 

JSlo correlation Avas present betAA'cen tlie mean resistance to 
dissection and the gross heart Aveight ns recorded at autopsA', nor Avas 
any correlation found betAveen tlie resistance and the state of the left 
A-entricle Avhen the arbitrar3- A-alues 1, 2, 3 and 4 Avere assigned to 
the sjunbols (— ), N, + and ++ bj' AA'liich the eondition of that 
chamber AA’as recorded (table III), It might be expected that tlic 
resistance AA'ould decrease Avith increasing heart Aveight, tlie latter 
being an index to possible arterial degeneration. From this point of 
AucAv, and also because hj'pcrtrophj' of the left A-cntricle is a common 
finding post mortem in cases of dissecting aneurysm of the aorta 
(Shennan), an CA’aluation of the correlation botAveen the heart AA'cight 
and the resistance to dissection in cases in AA-hich definite arterial 
liA’pertension had been present during life AA-ould be instructive if it 
AA'ere possible to delimit accuratcl}’^ the affected (lij-pertensive) group of 
subjects. But the absence of a blood pressure record from some of the 
protocols and the fact that scA-eral subjects AA'ere admitted to ho.spital 
in extremis or in a state of shock made this comparison impossible. 

The association betAA'cen tlie degree of atheroma present in the 
various regions of the A-essel and the corresponding resistance to 
medial dissection in those regions AA-as examined bj’’ an analj'sis of 

Table IV 


Co-variance of amotttU of atheroma and mean dissecting pressure 



Sums of squares nnd prcxlucts 

Itcduccd valuer 

. _ 


Degrees 

of 

freedom 

Atlieronm 

Si* 


B| 

DcfTTCC^ 

of 

freedom 

Ilcducfd 

Mean 

square 

1- 

Regions 

2 

llBBftM 

-5082-000 

835891 





Cases . 

41 


-1310-098 

1890284 





Interaction 

82 


- 527-419 

1105820 

81 

1147314 



(error) 









Total 

■91 

88-8010 

-0920-177 

3801995 





Regions + 

84 

40-0000 

-5010-079 

2001711 

83 

1317515 



error 









Cases + error 

123 

67-8333 

-1843*517 

3050104 

122 

2997339 



Difference for testing 

“ regions 

. 


o 

170201 

85101 

0-01* 

Difference for testing 

“ cases ” 

- 

■ 

41 

1850025 

45122 

3-18* 


• ftn F value greater than tlio 1 per cent, level. 


covariance in Avhich the arbitrary values 0, 1, 2 and 3 AA'ere assigned 
to the symbols 0, M, + and ++ by Avliich the degree of scA'erity 
of the atheroma Avas originally recorded. The results are set out in 
table TV. 

The error term of table IV jnelds a value of 34-47 (AA-ith S.E. 30-74) 
for the regression of dissecting pressure on degi-ee of atheroma — not a 
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significant value. Thus there is no association betiveen dissecting 
pressure and severity of atheroma. A causal relationsliip between 
these two variables was not anticipated. Atheroma, being an 
essentially patchy condition, could hardly be expected to influence 
the strength of the media in regions other than those immediately 
underlying the patches. 

Summary 

Three regions of the aorta of each of 42 adult cadavers were 
examined by a technique which determined the pressure required to 
produce experimental dissection and splitting of the planes of the 
tunica media. The results of an anal 3 -sis of the findings may be 
summarised as follows : — 

1. The pressure required to produce medial dissection is almost 
invariably far in excess of the aortic blood pressure, even in severe 
h\~pertension. This indicates the virtual impossibility' of producing a 
cfesecting aneurysm by the access of blood during life, through an 
intimal defect, to a media of normal strength. 

2. A definite linear gradient of decreasing resistance to dissection 
by the media was demonstrated on passing down the aorta, the 
ascending portion being significantly stronger than the arch, and the 
arch than the descending portion. 

3. A weak negative correlation was found to exist between the 
resistance to dissection and the age of the subject. 

4. No sex differences in powers of resistance were present ; the 
degree of associated atheroma and the state of the left ventricle were 
not correlated with the resistance of the media ; and in the 
refrigerated cadavers used in this investigation there was no associa- 
tion, either positive or negative, between the strength of the media 
and the number of hours elapsing since the death of the subject. 

We wish to express our indebtedness to Jlr Ian Sutherland, of the Institute 
of Social Medicine, Oxford, for advice on the analyses of variance and co- 
variance ; and to yir G. Ferguson for technical assistance. 
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]\IASSnT5 COLONY FORiMATION OF BACTEBIUM 
FJtlEDLANDEBI IN THE LWER IN AGRANULO- 
CYTOSIS 

Ja>*E I. DA\^DSO^* 

From the Pathology Department, University of Liverpool 


(Plates IX akd X) 


The Hsual cause of death in agranulocytosis is bacterial invasion of a 
body 'which has been stripped of its leucocjde defences (Dameshek 
and Wolfeon, 1942 ; Nixon, Eckert and Holmes, 1943 ). The 
invading organisms may be any of the ordinary flora of the mouth 
and upper respiratory passages, and they lead to local ulceration and 
generalised septicsemia, usually without features of sufficient bacterio- 
logical interest to cause them to receive much attention in the 
literature. The case now reported is, however, of both bacteriological 
and pathological interest in that certain organs of the patient became, 
during life, a veritable culture medium in which isolated large colonies 
of bacteria developed, so large that they presented a considerable 
diagnostic problem at autopsy. The true nature of the lesions was 
finally established only by histology. 

Case bepoet 

Clinical history 

The patient, a woDian aged 47, became ill at the beginning of January 1947 
■with an “ influenzal cold ”, the main symptoms of which were fever and 
cpistasds lasting 5 days. Haimaturia and deafcess developed at the same time 
and continued for the rest of the illness. On loth January purpuric spots 
appeared on the left shoulder, and severe bleeding occurred from the lower 
gums (the upper jaw was edentulous). The gums became very painful and some 
cough developed. She was admitted to hospital on 5th February in a very weak 
condition, -with a temperature of 105° F. The lower gums were dark red, 
swollen and ulcerated, ■with adherent blood clot. The upper gums were normal 
but there were large haemorrhages into the faucial pillars. There were mnnerous 
petechiffi over the body and limbs, "with large ecchymoses over both tibis. 
Hoemic miumurs were present over the heart. The patient was too ill for 
satisfactory examination of the lungs. 

Hess s capillary permeability test was positive. Blood examination showed 
hremoglobin 52 per cent., E.B.C. 2,340,000 and W.B.C. 600 per c.mm. Ho 
platelets were seen in films, A differential count was made only with great 
diOSoulty owing to the paucity of cells ; a count of 20 white corpuscles gave 
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18 lympliocj'tes, 1 poljinorpli and 1 monocyte, with no immature cells. Sternal 
puncture sliowed a ln"poccIlular marrow, with a dinerentinl count on SOO cells 


ns follows : — 

Erj'throblnsts and normohlnsts .... 3-3 per cent. 

iM 3 ’elocytos and motatnj'olocj'tcs (half of them 

abnormal) . . . . . . 8-0 „ 

Neutrophil loucocj'tes . . . . . l-O ,, 

Eosinophil mj’clocj’tes and Icucocj'tos . . 1 -0 „ 

Lj'mphocj'tes . . . . . . . 8-1-0 „ 

Plasma cells . . . . . . . 1 -0 „ 

Monocj-tes . . . . . . . 1-7 ,, 


A diagnosis of aplastic anremia was made, with emphasis on the granulo- 
cj'topenic aspect. The patient was given pentnucleotide and several blood 
transfusions but did not respond. Her pj'rexia contimio<l at I04.105° F., and 
she went rapidlj- downhill and died on 13th Fobrunrj'. A blood count shortly 
before death gave 400 AV.B.C. per c.mrn., with OS per cent. l\-mphoc\'tcs. 

Post-mortem examination 

The autopsy was performed 4 liours after death during a time of 
severe frost with no heating in the mortuar}'. Tiio body was 
extremely pale. There were numerous petecliia) and largo ecchymosos 
in the skin of the trunk and limbs. TJic lower gums were dark purple 
in colour and covered with clots of blood. Some dried blood was 
present in the left external auditor^’- meatus. 

The fauces, base of tongue and laryngeal orifice showed the usual 
lesions of agranulocj’tic angina. They were deep purple from sub- 
mucosal hsemorrhages, and showed multiple circular ulcers which 
varied from 2 to 5 mm. in diameter and had necrotic bases with no 
induration and little surrounding codemn. 

The lungs were extensively consolidated, with involvement of all 
but the upper part of the upper lobes. The consolidated portions were 
dark red in colour as a result of hemorrhage, with n few areas of lighter 
brick red or bro^vn where necrosis was present. In addition there was 
much fluid in the lung tissue. The liilar Ijunph glands were dark red 
and wet on section. The larger bronchi and the trachea contained 
tenaceous blood-tinged mucus. The visceral pleura over both lower 
lobes showed a scanty fibrinous exudate which was stained brown bj’’ 
blood pigment, and there was blood-stained fluid in the right pleural 
cavity. 

The liver presented a remarkable appearance. It was pale and 
rather fatty, rvith the lobular pattern ^tinctly outlined. Scattered 
throughout it there were a number of circular white areas, usually 
about 5 mm. in diameter. These had a firm, wliite, opaque appearance, 
and were sometimes but not always surrounded by a very thin margin 
of congestion and hemorrhage (fig. 1). Thej^ were present both in the 
substance of the liver and on the surface, where they projected as low 
discs. Their nature was puzzhng, since they had neither the appearance 
nor the consistence of abscesses, and the zone of surrounding congestion 
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Fig. 1. — Cut surface of liver showing white opaque nodules (natural size). 



Fio. 2. Liver showing a “ colony ” of organisms without surrounding capsule or cellular 

reaction, x 30. 
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was difficiilfc to associate -witli tumour-formation, citlicr simple or 
malignant. A careful but unsuccessful search was made for any 
primary gro^vtll. In ^'iew of the failure to establish the nature of 
these masses bj’ naked eye inspection, the diagnosis n as left until 
after histological examination. 

The. other lesions in the body wore mainly hremorrhagic. The 
kidneys were nearly wlute ^ the subcapsular surface n as studded y ith 
petecliife, wliile the cut surface showed a well-marked zone of hemor- 
rhage outlining the junction of cortex and p\Tamids. There was a 
small recent infarct at the lower pole of the right kidney. The supra- 
renal glands and the spleen showed numerous petechie. There were 
numerous non-ulcerated submucous hemorrhages in the stomach and 
to a lesser extent in the duodenum, lower ileum and colon. Hemor- 
rhages were present between the layers of the mesenter}', under the 
epicardium and endocardium and into the pia-arachnoid over the 
vertex of the brain, with smaller petechie in the internal capsule and 
cerebellum. The vertebral bone marrow was red. The femoral marrow 
was ma inl y fatty but a few foci of hmmopoiesis were present in the 
neck and upper part of the shaft. There were a number of hfemorrhages 
into the fatty marrow. 

Histology 

^licroscopicaUy the liver lesions present a very peculiar appearance. 
The nodule shown in fig. 2 consists of a mass of fairly homogeneous 
basophil material fiUing the spaces between the liver columns. Near 
the margin this material has compressed the liver columns into thin 
atrophic strands, and the atrophy increases in severity towards the 
centre, where the liver cells have completely disappeared so that only 
the basophil material can be seen. In general the distribution of the 
material suggests that of intense local amyloid infiltration but the 
appearances and staining reactions are rather those of mucin. The 
margin of the lesion is abrupt but there is no capsule or cellular 
reaction of any kind. Some of the larger lesions show scanty 
infiltration of the margins by mononuclear cells which contain mucoid 
material in the form of dark blue threads of mucus with small 
round spaces intervening. The entire lesion at this low magnification 
gives the impression of a rather odd type of mucoid carcinoma in 
which aU the tumour cells have been “ drowned ” in their own 
secretion. 

Higher magnification reveals that the basophil material consists 
of very numerous small rod-shaped organisms suspended more or less 
uniformly in a mucoid substance (fig. 3). These bacilli are Gram- 
negative and- have the morphological appearances of encapsulated 
Bad. friedlanderi. Unfortunately no cultures had been made from 
the fresh material so that it is impossible to establish the identity 
of the organism, but the microscopic appearances of the bacilli with 
their thick mucoid capsules are very characteristic. In the larger 
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and presumabh^ older lesions the haeilli in the centre stain poorlj' 
and in some places have disappeared. 

The lung lesions are basicallj' similar to those in the liver. The 
consolidated areas var}' in appearance in different parts. Sometimes 
the alveoli are packed v-ith red blood corpuscles to the exclusion of 
other cells ; sometimes thej' contain a fibrinous e.xudato with only 
occasional hnnphocytcs or mononuclear cells. Over large areas of the 
lung, however, they are distended with the same basophil material 
as is seen in the liver, and contain the same bacilli, though usually 
with less well-marked capsules (fig. 4). In a number of alveoli there 
is a more serous tj-po of exudate in which the bacilli appeared to be 
multipl5dng. 

Sections of most of the other organs (lymph nodes, bone marrow, 
suprarenals, stomach and kidneys) reveal many capillaries blocked 
for long distances b}' these organisms, usually with well-marked 
mucoid cajisules. No reaction to these “ growing emboli ” is apparent. 


COJDtEXT 

The finding of large colonics of bacteria in the liver at autopsy at 
once raises the question whether these might have grown in the body 
after death. For the following reasons it would ai^pear that this 
explanation is incorrect. 

(a) The colonies in the liver are up to 5 mm. in diameter, and the 
patient had been dead for only 4 hours. Even if the liver were a 
perfect culture medium, it would be difficult to obtain so much growth 
in so short a time. In addition, the larger lesions show the bacilli to 
be degenerating, an indication that they had been there for some time. 

(b) The liistological appearances of .the liver columns compressed 
between the bacterial masses arc those of slow pressure atrophy of 
live liver cells and not of post-mortem crusliing. 

(c) There is congestion around the nodules and an occasional 
attempt at cellular defence in the form of a few mononuclear cells. 
The absence of poljTnorphs around the nodules is adequately explained 
by the agranulocytosis. 

The conclusion seems inescapable that the nodules in the liver 
developed during the life of the patient. It is much more difficult 
to form any estimate of the duration of these nodules before the 
patient died. From the histological degree of atrophy of liver-cell 
columns and in particular the complete disappearance of liver cells 
from the centre of the lesions, it would appear that the nodules must 
have been growing for a few daj's at least. On the other hand the 
small masses of bacilli growing in the capillaries could well have been 
there for a much shorter time and were possibly of pre-agonal grouth. 

The two points of interest in this case are : — 

(1) Bact. friedlanderi grew apparently unhindered in the tissues 
of a patient who had virtually no poljmorplionuclear leucocjdes. 
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Fig. 3. — Liver. A field from near pcriphcrj- of le^iion in fig. 2. Cnp^ulnted bacilli in 
sinuses betneen atrophic I'ver columns, x )200. 
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There appears to have been no humoral resistance of any Icind : in 
fact the tissue fluids seem to have acted as a culture medium for the 
organism. It is impossible to say -vrlicther the body normally lacks 
true humoral resistance to Bad. fricdlanderi , or vhether any humoral 
resistance normally present is produced by polymorphs, or again 
whether the entire resistance of the body to Bad. fricdlanderi is strictly 
a cellular one according to Metclmikoff’s original conception. Pre- 
sumably the final overgrowth of bacilli in the lungs, in what might 
otherwise have been an ordinary Bad. fricdlanderi pneumonia, was 
due to the same factors. 

(2) The organisms in the present case do not appear to have 
produced an 5 ’^ locally acting toxins : the liver columns in the neigh- 
bourhood show simple pressure atroph}’’ wthout necrosis of the 
parenchymal cells. This raises the question whether the final necrosis 
of tissue seen in Bad. fricdlanderi infection unaccompanied hy 
agranulocytosis is due, not to the presence of the bacilli, but to the 
presence of polymorphonuclear leucocytes. 

Swedin and Liljestrand (1945) report the occurrence of splenic and 
hepatic “ abscesses ” due to Bad. fricdlanderi infection in a patient 
with agranulocytosis. Their patient, a woman of 60, after a prolonged 
fllness, always with a low white-cell count, developed almost complete 
agranulocytosis during the last ten weeks of life. During this period 
the polymorphonuclears numbered only 60-150 per c.mm. At 
autopsy the liver and spleen showed numerous yellowish-white foci, 
the largest being the size of a hazel-nut. In many cases these foci 
were surrounded by a zone of hEemorrhage. ilicroscopicallj’’ the centre 
of the lesions showed “ marked necrosis ”, with a peripheral zone of 
bacterial masses and some karyorrhectic leucocytes. In some cases 
these foci were surrounded by granulation tissue infiltrated by round 
cells. The paper is not illustrated by photomicrographs and it is 
impossible to say whether the word “ necrosis ” was used with the 
specific meaning of death of the liver cells, or whether it was applied 
as a description of the somewhat structureless centre of the lesion 
from which the tissue cells had disappeared. 

Bad. fricdlanderi is not, according to the literature, a firequent 
terminal invader in agranulocytosis, and Swedin and Liljestrand’s 
case is the only one I have found in which anything like comparable 
lesions have been described. 

These two cases suggest that the possibility of such colony 
formation during life should be borne in mind in making autopsies 
on patients who have died with agranulocytosis, in order that the 
bacteria responsible may be identified by culture. 


SmUMAKY 

Large colonies (5 mm. in diameter) of organisms with the morpho- 
logical characters of Bad. fricdlanderi were foimd in the liver of a 
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patient wlio died of ngramdocytosis and aplastic ana2niia. The 
organisms had apparently grown without any resistance, humoral or 
cellular, on the part of the body. The patient had also a hfcinorrhagic 
pneumonia due to the same organism. 

I wish to tlinnk Professor Slicelinn nnd Professor Doivnic for Iielj) and 
advice. Dr Coopo for nceess to tlio clinical notes, nnd Mr Beckwith for the 
photography. 
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THROjMBOSIS as a factor in the PATHO- 
GENESIS OF AORTIC ATHEROSCLEROSIS 


J. B. DuGinD 

The Department 0/ Pathology, The Welsh Kational School of Medicine 


(Plates XI-X^Tf) 

It has been shown (Duguid, 1946) that tlirombi in the coronary arteries 
become organised and form fibrous thickenings which are indistin- 
guishable from atherosclerosis. The same occurs in the aorta, where 
mural thrombi are commoner than is generally supposed. In the 
aorta such thrombi comprise not only the familiar masses of fibrin 
which form in relation to atherosclerotic ulcers, but also a variety of 
fine fibrinous encrustations many of which are too small to be seen 
by the naked eye. Although these encrustations occur with consider- 
able frequency, even in young subjects, they are a form of lesion which 
does not appear to have been taken into account in the pathology 
of aortic disease. Nevertheless they become organised and are 
imdoubtedly a source of intimal thickening. 


The larger mural thrombi 

The transformation of mural thrombi is essentially the same in 
the aorta as in the coronary arteries, but the appearances produced 
are somewhat different and there are certain features which caU for 
special description. These are best shown in some of the larger 
examples (figs. 1-7).* Most aortic thrombi are composed mainly 
of fibrin, which when newly formed is loose in texture and somewhat 
ragged (fig. 1), but which later becomes more compact. At first the 
fibrin is exposed to the blood stream, but soon a layer of endothelium 
grows over its surface (fig. 2), and this is followed by the formation 
of a layer of fibrous tissue in the sub-endothelial zone (fig. 3), making 
the thrombus appear as if it were a part of the intima. Two forms 
of change then follow, both of them tending to accentuate this effect. 
The first consists of a condensation of the fibrin whereby it comes to 
resemble fibrous tissue ; the second is a true organisation. 

* AU illustrations are taken from frozen sections -which, it should be emphasised 
are essential in a study of lesions in the larger arteries. The dehydration and shrinkage 
involved in paraffin embedding tends to alter the non-cellular tissues to such an extent 
that m paraffin sections fibrin may be almost indistinguishable from fibrous connective 
tissue. 
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The first change is best illustrated in parts where, as frequently 
happens, there has been recurring thrombosis with one deposit on top 
of another (fig. 4). Whereas the newl 5 ' formed fibrin appears reticular 
or somewhat flocculent, older deposits are compact and almost 
homogeneous, but often with a laminated structure which in section 
gives a coarse fibrous appearance. In them the fibrin lias lost its specific 
staining properties and takes a variable yellow with picro-fuchsin, so 
that in paraffin sections it has the appearance of hyaline fibrous 
tissue. Thus before organisation is far advanced many of the older 
deposits no longer look like mural thrombi and may bo mistaken for 
degenerate connective tissue. 

Organisation is a slower process and varies with the size of the 
thrombus. Some of the larger are penetrated by capillaries and go 
through the same jjrocess ns an organising venous thrombus or 
fibrinous exudate (fig. 5), and it is perhaps this wliich accounts for the 
apparent vascularisatlon of some atlierosclcrotic plaques. The majority 
of smaller thrombi, on the other hand, are transformed by an avascular 
process in wliich cells alone are the active agents. Cells from the 
subjacent intima penetrate the fibrin and form centres around which 
it is transformed into collagenous substance (fig. 4). Thus an 
advancing zone of organisation is formed wliich grnduaWy ovemms 
the thrombus and converts it into fibrous tissue. There arc however 
factors wliich complicate this picture. In the aorta thrombosis tends 
to recur, with the formation of multiple deposits as seen in figs. 3 and 
4, and the appearances produced are varied, depending not only on the 
size of the deposits but also on the time wliich elapses between their 
formation. When one follows quicldj' on the other the new laj’cr of 
fibrin lies directl}'^ on the old, as in fig. 4, but when a sufficient interval 
elapses, the older deposit may bo covered with a laj-er of fibrous tissue 
before the next is laid down, and thus alternating strata of fibrin and 
fibrous tissue are formed, as in fig. 3. With repeated thrombosis and 
organisation thick’ accumulations of fibrous tissue may be produced, 
but not infrequently there may be found, deepl 3 ’^ embedded within 
them, layers of hj'alino or “ fibrinoid ” substance (fig. G), representing 
incompletely organised tlirombi, with notliing in their appearance to 
show that the 3 ' originated as surface deposits. These remnants 
sometimes undergo fatt 3 f changes and sometimes softening, thus 
forming atheromatous foci. 


The finer fibrinous encrustations 

The larger thrombi described above are b 5 ^ no means the commonest 
form of mural deposit, and one cannot go far in the study of aortic 
thrombosis without being impressed by the frequenc 3 ’' -with wliich 
thin layers of fibrin are to be found on the intimal surface. These 
are most often seen in association with the larger thrombi (fig. 7), 
but are not always confined to them, for they sometimes occur in the 
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I'ln. 1. — Hccciit inurnl tlirombu'< 
forming a tliiok dppoMt tou arils 
the loft and a thin cm rustation 
towards the right. Sudan 111 
and ha-mahnn. / 1 10. 


Fig 2. — Somewhat older 
thrombus than that 
showTi m fig. 1, with a 
lajer of endothelium on 
Its surface. Sudan III 
and hiemalum. x 1 10. 




Fig. 3. — ^Jlural thrombi of 
different ages. Towards 
the left there is a thick 
mass of condensed, 
almost homogeneous 
fibnn, representmg a 
mural thrombus of some 
standmg. It is co\ ered 
b3’ endothelium and a 
thm laj-er of fibrous 
tissue, while on its sur- 
face at the extreme left 
there are flakes of more 
recent fibrm encrusta- 
tion. Beneath the thick 
mass and towards the 
right of the picture there 
is an older fibrmous de 
posit showmg ill defined 
lammation. It also is 
covered by a laj-er of 
fibrous tissue, so that it 
is separated from the 
o\ erlymg thrombus Its 
basal laj-ers are m\ aded 
by connectn e tissue 
cells. Sudan III and 
haemalum. x 80. 
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Fig. 4 — Recurring mural thrombosis with earh organisation Two strata of fibrin of 
different ages are seen, with a later of cndothchuni pnrtlj coiering the superficial 
one, but with no fibrous later between The more recent deposit is granular, the 
older dense and laminated The basal Inters of the older deposit show early 
organisation, with connectitc tissue cells mtading them and forming centres of 
collagen formation. Sudan III and limmahim. x 1.30 


Fig 



Large mural thrombus showing early t asculansation bt scattered capillaries. 
Sudan III and hremahim. X GO. 
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Fig. fi — .An old, incompletely orpnni';ed mural thrombus lies n little belou the surface. 
It consists of “ fibrinoid ” material embedded m a fibrous thickcnmc of the intima. 
In the o\ erlymg fibrous tis-.iie there is a darker ^one cIo=o to the surface, representing 
a more recent deposit not fully organised but shoning hyaline change. In the 
deeper layers of the mtima the black patches arc In aline material «ith fattj' 
change. Sudan III and hremalum. x 120. 




Fig. 7. — Large fibrmous 
deposit of some stand- 
ing, It itli recent encrus- 
tation on its surface. 
Sudan III and haim- 
alum. X4n. 


Fig. S — Fme encrustation 
m the aorta from a child 
aged 3 who died from 
Ijunphatic Icukaimia. It 
IS packed n ith leukfcmic 
cells. Haemalum. x 70. 
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Figs. 9 and 10. — Varieties of fine encrustations. Sudan III and hEemalum. 

X 150 and 120. 



Fig. II. — Alinute fibrinous flake with endothelial cells clumped beneath it. The dark 
streak in the deeper layers of the mtima is a layer of hyaline substance with fatty 
change. Sudan III and hsemalum. x 200. 
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apparently healthy aortas of quite young children (fig. 8). They are 
very variable and may consist of no more than a few ragged strands 
of fibrin and leucocj'tes, so that they look like mere frajdngs of the 
surface (fig. 9). Sometimes they arc extensive (fig. 10), and sometimes 
localised, forming minute flakes (fig. 11). Occasionally the}" may be 
seen by the naked eye or with the aid of a hand lens as slight 
roughenings of the surface, but more often they are microscopic. In 
the young aorta they are most commonly to be found near the mouths 
of branches (fig. 12), where superficial fatty streaking occurs, and the}’ 
are not infrequently associated with tins condition. 

As a rule these fine encrustations appear to be of recent origin 
and may at first be taken for post-mortem clots, but the firmness 
with which they adhere to the vessel wall (fig. 16) and withstand the 
rough manipulations involved in the cutting and staining of frozen 
sections makes it e-vident that they arc present during life. Tliis is 
confirmed by the fact that in some of them signs of transformation 
are recognisable, for, like the larger tlirombi, they also become 
covered with endothelium (fig. 14) and, passing through the same 
process of condensation (fig. 15) and hyaline change (fig. 16), are 
ultimately changed into fibrous thickening. 

The incidence of mural thrombi in the aorta 

K fibrinous deposits are a source of intimal thickening, their 
importance in aortic disease must depend on their frequency, and 
it is therefore desirable to obtain some measure of this. To estimate 
the frequency of lesions, many of which are microscopic, in a large 
vessel like the aorta is difficult, and in this investigation it was decided 
to obtain a rough measure of their incidence by seeing how frequently 
mural deposits could be found in a search limited to one histological 
section in each case. The aortas from an unselected series of autopsies 
were taken, and in each a section was made of the part which, on 
inspection with a hand lens, looked most likely to be affected. Such a 
hit or miss method was calcffiated to give an underestimate, but the 
findings were surprising. 

Out of 50 aortas, fibrinous deposits of one kind or another were 
found in no less than 19, those in 15 being of the fine type. All of 
them consisted of recently formed fibrin, the identity of which was 
beyond question. The age incidence ranged from three to seventy- 
three years, 4 out of the 8 cases under thirty being positive. One of 
these, a child aged three, died from lymphatic leukmmia ; the other, 
aged seven, from a cerebral tumour. The deposits were of course most 
plentiful m the atherosclerotic aortas of old subjects, especially where 
there was ulceration, but apart from this there was no apparent 
relationship to any particular disease or to the duration of illness 
Thus the s^ey, restricted though it was, showed that aortic 
thrombosis is a common occurrence, arising not infrequently in 
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childhood and tending to increase with advancing years. It scoins 
likely, therefore, that in the adult aorta a considerable amount of 
intimnl thickening must arise from this cause. 


Discitsf^ioii 

It remains to be considered what relationship if any the organisation 
of mural thrombi beans to atherosclerosis. Atherosclerosis is a disease 
characterised by fihroii.s thickening of the intimn with fatt}’ change. 
It is clear that mural tlwombosis may add to the thickening, hut 
whether it is a factor in the development of tlio disease or merely 
a suijoradded complication is another tiiicstion. The development of 
atherosclerotic thickenings, and their relationship to the fnttj' changes 
have never been satisfactorily explained. Since the advent of 
Vii'chow’s cellular theory it has been taken for granted that they 
represent overgrowths of the intimnl cot\ncctivc tissues. Yet few 
who have studied the lesions can have been wholly satisfied with this 
hj'pothesis, since signs of cellular proliferation are hard to find, cells 
tending to be least numerous where the thickenings arc greatest. In 
earlier years Rokitanskj* regarded atheroma ns the product of 
fibrinous deposits on the vessel walls and the findings recorded above 
support this view. Fibrinous deposits may not be the only source of 
intimal sclerosis but at least they — and their sclerosing cficcts — can 
be demonstrated without difficulty. 

In considering tlic possible part played by thrombosis in the 
development of atherosclerosis, it is necessary to enquire into the 
relationship of fatty ciianges to thrombosis. In aortic atherosclerosis 
the fatty changes are mostly seen in tiio deeper layers of the intinia 
or in the sub-intimal zone, where any connection with mural deposits 
would be hard to trace, but thej’’ may also occur near the surface, 
and there a relationship is sometimes apparent. A fine sprinkling 
of lipoid droplets appears in those masses of hyaline substance whicli 
represent buried mural thrombi, and would appear to bo a product 
of the thrombi. But this does not liold for all the fat which appears 
in the vessel wall. In superficial fatty streaking and in the cholesterol 
sclerosis of rabbits lipoid deposition appears as a primary change, 
presumably the result of disordered fat metabolism, and here it seems 
possible that a relationship of a different kind may e.xist. In super- 
ficial fatty strealdng fat-laden cells tend to collect under the endo- 
thelium and to elevate it in such a way as to expose it unnaturallj’’ 
to the force of the blood stream (fig. 17), and it seems likely that 
rupture may sometimes occur. When it is recalled that the larger mural 
thrombi are commonly associated rvith ulceration, wliich is the result 
of rupture following atheromatous degeneration of the intima, it will 
easily be appreciated that the finer encrustations may arise from 
similar ruptures on a smaller scale. It would be difficult to demonstrate 
this, but it seems significant that the finer encrustations tend to occur 
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wise vessel wall appears healthy. Sudan III and ]ia;malum. X 70. 



Fig. 13. — Two strata of fibrin encrustation on the surface of an atherosclerotic plaque. 
Both are condensed and hyaline, and stain more darkl 3 ' n-ith hiemalum than the 
underlj-ing fibrous tissue. Tlie more superficial and darker is partlj- detached at 
its margin a.s if tending to peel off the surface. Hremalum. x 125. 
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Pig. 15 . Fine fibrinous encrustation covered with endothelium and showing condcn-^a- 

tion and hyaline change. Sudan III and haimnlurn. X 200. 



Fig. 16. — Minute encrustation show ing hyaline transformation. Hiemalum. x200. 



Pig. 17. — Superficial fatty streak in the aorta of a eliild aged 12, killed in an accident, 
cluster of fat-laden cells (vmstained) in the sub-endothelial zone forms a protrusion 
of the surface. No fibrinous encrustation is present. Hiemalum. x 50. 
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near the origin of branches, where fatty streaking is common, and in 
fact are often associated with this condition. Thus fatty clianges may 
he both a cause and an effect of thrombosis, and the two may Ije as it 
were, reciprocating factors in what amounts to a vicious cycle. 

The fine fibrinous encrustations are themselves small, but they must 
each add something to the thickness of the vessel wall, and if often 
repeated in the course of a life-time, may ultimately give rise to 
considerable thickenings. The frequency of their occurrence in 
post-mortem material suggests that they must be a common source 
of thickening, and there seems to be no reason to exclude them as a 
cause of the thickening which constitutes atherosclerosis. In the 
past our approach to the problem of intimal sclerosis has been 
dominated by the growth hjq)othesis and consequentl3’ attention 
has been directed mainly to a search for agents calculated to excite 
connective tissue proliferation in the arteries. The stud}’- of thrombosis 
opens a fresh approach to the problem, and with it comes the implica- 
tion that the thickenings may depend not only on factors wliich act 
upon the tissues of the vessel wall, but also on those which govern 
fibrin formation in the circulating blood. 


Summary 

In the aorta organised mural thrombi are a common cause of 
intimal thickening, but the process of organisation tends so to alter 
their appearance that they are no longer easily identifiable as thrombi. 
Many of them are microscopic and so are liable to be overlooked. They 
occur at almost any age and tend to recur, thus causing progressive 
thickening. They sometimes undergo fatty change, producing an 
appearance identical with atherosclerosis, and the possibility that 
they are a factor in the development of that disease seems more than 
likely. 


Duguid, J. B 
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THE NATURE OE AN^ISIIA IN LEUIOEMIA 
Douglas H. Collin's and W. 5tcl. Rose 

Department of Pathology and Bacteriology, University 0/ Leeds 

(Plates XVII ajcd X\TII) 

The purpose of tliis paper is to describe some cases of unusual 
anfflmia occurring in leukemia and to consider the nature of the 
disturbance of red-cell formation in this disease. 

Fifty consecutive new cases of leuksemia attending the General 
Infirmary at Leeds in the years 1945, 1946 and part of 1947 were 
referred to the department of pathologj^ for blood examination. 
Table I shows the incidence and severity of the anaemia in these 

Tabix I 


Incidence and severity oj aneemia in 50 untreated cases oj leul'cemia at 
time of first diagnosis 




Acute leuksemla 
(H cases) 

Chronic lymphatic 
leuiaemia (10 cases) 

Chronic myelogenous 
kntacmia (20 cases) 


16-28 

0 

1 

3 


1-1-16 

0 

2 

1 


12-14 

0 

1 

3 

HEemoglobin 

10-12 

4 

2 

2 

(g. per 100 ml.) 


1 

2 

4 



3 

2 

4 



6 

3 

2 




3 

1 

Eiylhroblasts present in first 
blood film 

10 

2 

16 

Range of W.B.C. per c.mm. 

1200 to 69,600 

1000 to 422,000 

1800 to 420,000 

Sex distribution 


7 M : 7 E 

13 M : 3 F 

12 M : S F 

Age range (years) 

, , 

4-72 

S-64 

23-63 

Age average (years) 

• 

36 

42 

46 


cases at the time of first diagnosis of leukaemia. Fourteen were cases 
of acute leukEcmia, nearly all of which, so far as we can now determine, 
were instances of acute myelogenous or myeloblastic leuksemia. Of 
the remaining 36 cases of chronic leiikEemia, 16 were of lymphatic type, 
20 of myelogenous. Some aleuksemic cases are included in aU three 
groups. The sex distribution and age range are shown for each group. 
There was a preponderance of males in the whole series. Ages varied 
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widely but tended to bo lower in nciito Icukc'cmia. Importance is 
attached to the disti-ibution of the linemoglobin content of the blood 
and to the frequency of finding ciythroblasf-s in the first blood films. 

Significant anamiia of Ic.ss than 12 g. Hb. per 100 ml. or S2 jier cent. 
Hb. (14-5 g. per 100 ml. being equivalent to 100 per cent.) was prc.scnt 
in every case of acute Icukfemia, iii 75 per cent, of cases of chronic 
lymphatic leukaemia and in 05 per cent, of cases of chronic mj'elogenoiis 
Icukccmia. Severe anaemia below 50 per cent. II b. (less than 7'3 g. 
per 100 nil.) was found in acute leukaemia in 04 per cent, of cases, in 
chronic lymjihatic Icukannia in 50 per cent, and in chronic myelogenous 
leukomiia in 30 per cent. 

Panton and Valentine (1029) found normal red cells in over half 
their cases of chronic l^'mphatic Icukannia but Winirobe and Hasenbush 
(1939) state that anaimin is more likely to be present early in this 
disease than in the myelogenous form. Our figures agree with this 
latter view. Anaemia was both more frequent and more severe in 
chronic 13’Tnphatic than in chronic mvelogenous Icukamiia, but in 
neither was it so constantlj* pre.sent as in acute Icukremia, an observa- 
tion with which most authors (c.jr, Wintrobc, 1940, pp. COO and 098) 
agree. 

Nucleated red cells appeared in the blood commonlj' in chronic 
mj'elogenous leukaemia and acute loukamiia (most casc.s of which were 
probably' of rayeloblastic tiqie), rarcl}’' in chronic l^-niphatic loukaomia. 
Forkner (1938, p. 07) states that these cells arc frequently found in all 
t3qies of Icukreraia but parliculnrl3' in the chronic m3'elogenous form. 
In m3'elogenous and acute leukaemia the presence or absence of 
nucleated red cells seemed to be independent of the degree of anaemia. 
Neither anaemia or er3i}hroblastosis could bo correlated cither vith 
the age of the patient or with the numerical value of the total white- 
cell count. There was insufficient evidence from which to draw nn3'' 
conclusion as to the influence of the duration of the disease on these 
manifestations. The insidious onset of the chronic disease would in 
an3’- case make this difficult, but Wintrobe (p. G9S) has shoum that 
anaamia increases rapidl3’’ in the course of acute leukaemia. Slost of 
our patients with clu-onic leukaemia received radiothcraiy after 
diagnosis and tliis had a most variable effect on the anajmia. The 
development of profound anaemia usually accompanied the terminal 
phase of the clmonic disease. 


Case keports 

Case I. The most severe degree of antemia in our series was fomid in this 
patient, a boy aged 10 years. Ho had been ill for 7 months and noticeable 
ancemia had developed in the 6 weelcs before coming to liospital. No historj' 
of blood loss. Spleen enlarged below umbilicus. Most groups of lymph nodes 
enlarged. Chronic lymphatic leulrajmia. W.B.C. 154,000 per o.mm. Hfcmo- 
globin 2-0 g. per 100 ml. (14 per cent.). R.B.C., 900,000 per c.mm. Returned 
home, no follow-up. 

Case II. Male, aged 64, a gardener. One month’s history of anorexia 
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•mtliout pain ; d\'spnct!a nncl palpitation on exertion. Xo palpable enlargement 
of silicon, liver or l>nnph nodes. Very pale. Small hfcmorrbagca in optic fvindi. 
Albwrainuria. Benal function testa and X-ray examination of long bones and 
alimentary tract rcvoalcKl nothing abnormal. Blood. lib. 25 per cent. (3-0 g. 
per 100 ml.), R.B.C. 1-1 inillion/c.mm., C.T. 1-13, M.C.V.* 100 Cft, Jl.C.H.C. 
33 per cent., ^V.B.C. 1000 per c.mm. (neutrophils 31 per cent., Ij-mphccj-tcs 
C5 per cent., monocytes 1 per cent.), normoblasts 1 per 100 W.B.C. Sternal 
marrow puncture. Blasts 1 per cent., granulocytes 1'3 per cent., Ijonphocj'tcs 
04-6 per cent., normoblasts 3-1 per cent. A highly cellular marrow crowded 
with small Ijonphocytes. Diagnosis. Aleultrcmic chronic lymphatic loukmmia. 
Progress. Temporarily relieved by transfusions. Readmitted after G weeks 
with blood picture essentially the same (Hb. 25 per cent., W.B.C. 000 per 
c.mm.). Died 8 weeks after first attending hospital. Autopsy. Enlargement 
of cervical glands, spleen (47C g.) and liver (2070 g.). Marrow of femur was 
red throughout its length but still contained some fat. Histology. Leukicmio 
infiltration by small lymphocytes of lymph nodes, spleen, adrenals and gastric 
mucosa. Diffuse lymphocytic infiltration of femoral marrow with a very few 
small scattered foci of crytliroblasts. Xo myeloid metaplasia observed in the 
viscera. 

The verj’^ severe antemia in each of these two cases of lymphatic 
leuksemia was responsible for bringing them to hospital. There was a 
history of 7 months’ ill-health in case I, but it is impossible to guess 
how long the leuksemic process had been silently developing in each 
case. Loss of blood by hsemorrhage did not apparently contributo 
to the anaemia, which seems to have resulted from progressive hypo- 
plasia of the erythron. The only evidence of red-cell regeneration 
was the finding of a very occasional erythroblast in the blood films 
of each case. It is notable however that these two patients, both 
with extremely severe ansemia, were the only ones in the group of 
16 Ijonphatic leukasmias in which erythroblasts were recorded as being 
present on first examination. Nucleated red cells are liable to appear 
in the blood film from any form of anaemia of like severity and their 
presence in these circumstances does not necessarily indicate hyper- 
plastic activity of the erythroid marrow tissue. Nor was this evident 
in the autopsy material from case II. 

Stimulated activity of the erythron, on the other hand, is much 
more commonly evident in myelogenous leukEemia. Either actual 
erythraemia or erythroblastosis with moderate ansemia may be the 
first evidence of this disease. 


Case III (not included in table I). Male clerk aged 47 in 1931, when he 
first came under observation with mild anemia (Hb. 76 per cent.) and slight 
splenomegaly. Nucleated red cells were first seen in the blood film a few months 
later and have been present ever since in numbers ranging fi:om 1 to 10 per 100 
W.B.C. In 1935 myelocytes were occasionally found, but the total leucocyte 
count did not reach an abnormal level until 1939. The diagnosis of chronic 
myelogenous leukanua was finaUy established in 1943, when he was first seen 
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post-foetal erythropoiesis. Reference to megaloblasts in the nm-nhe™? normal 
indicates megalohlasts of the same nature, t.e. megaloblasts of Ehrh^h ^ 
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by one of us. At tliis (into tho total wliito ocll count wis .11,000 per c.mm.. 
with 17 per cent, myelocytes, GO jier cent. Hb. and a greatly enlarged spleen- 
Anromia of about this degree persisted and in Ifll-t was shown to bo of microcytic 
typo (M.C.V. 07 c/i). Total leucocytes wore never observed to exceed 02,000 
per c.mm. Our records cease in lO-t.7 but ho was known to bo alive 2 year-s later. 

Tliis man (case III) was llioiiglit to he siifi'ering from pernicious 
anaemia and was treated as sucli for 12 years witliout coaspicuous 
benefit. Tlio grounds for this diagnosis were somcwliat slender, more 
especially’ as gastric annly.sis showed a hypcrchlorhydric curve. But 
the colour index was at first almost consistently above unity and the 
microcytic anajinia was a much later development. Tlie few myelocytes 
which were seen for 4 years before the total leucocyte count rose 
were presumably interpreted as a leukremoid reaction in pernicious 
anjcmia. Tliis is not infrequent when tho anannia is severe and during 
response to liver therapy. Tho distinction between this leukannoid 
reaction and myelogenous Icukrcmia is discussed by Heck and Hall 
(1939), who point out that immature leucocytes always disappear 
in pernicious anremin under the influence of adequate specific treat- 
ment, whereas this docs not happen in Icukajinia. In our view 
erydliroblastosis in association with only’ moderate anaunia should 
alway’s bring myelogenous Icukamiia to mind where the case is that 
of an adult in whom icterus or o.sseous metasfasos arc not obvious. 
Mention should also bo made of a very’ rare erythroblastosis of adults 
described by’ iSmilo-Woil and Pcrles (1938) and Xordenson (1940) 
in which widespread extra-medullary’ )ia!inopoiesis seems to bo 
responsible for the immaturity’ of a proportion of tho circulating red 
and wliite cells. 

There is more substantial evidence of pernicious anrcmia preceding 
leukaemia in case IV. Case V is an example of a severe megaloblastic 
macrocydic anajmia immediately’ preceding acute Icukrcmin. 

Case IV. A female aged 28 in 1034, wlicn elio complained of soro tongue 
and wealmess and numbness of arms and logs. In 1030 sho was rccogm'scd to 
be suffering from mild anasmia ; Hb. 70 per cent. (10-5 g. per 100 ml.), R.B.C. 
3-4 million per c.mm., IV.B.C. 4200 per c.mm. Ono nucleated red cell per 
100 W.B.C. No apparent immaturity of leucocytes. Gastric nclilorhydria. 
After 6 weeks’ treatment with liver and iron : Hb. 00 per cent., K.B.C. 3-8 
million per c.mm., no erytliroblasts. Sho continued liver injections intermittently 
but relapsed in 1941, recovered with regular treatment and maintained good 
health. In Oct. 1946 sho attended out-pntionts, feeling well. Routine blood 
examination showed Hb. 95 per cent., R.B.C. 4-6 million per c.mm., IV.B.C. 
5700 per c.mm. Within tlueo months, in Jan. 1947, sho reported at hospital 
stating that slight injuries caused bruising but sho was still able to do her 
housework normally. She was admitted and tho findings are summarised 
below and in table II. 

Clinical examination. No enlargement of liver, spleen or Ijunph nodes. 
Other systems normal. Traumatic purpura but no poteohiaj. 

Special tests. W.R. negative. Renal function normal. X-ray of long 
bones and gastro-intestinal tract normal. Ascorbic acid saturation test normal. 
Histamine-fast achlorhydria. Total plasma protein 0-8 g. per 100 ml. 
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Fig 1 —Case TV. Blood film of 2G/2/47. 
Two mjeloblasts (one with monocjtoid 
nucleus), a normoblast and a lymphocyte. 
Wnght’s stam. x900. 



Fic. 2. — CaselA’’. Blood film of 2G/2/47. Two 
monocytoid myeloblpsts, a poljrmorph and a 
normoblast. Pero\idase stam. x750. 


I 



Fig 3 — Case IV. Sternal marroii of 7/2/47. 
Xormoblasts, myelocjtes and giant metamjelo- 
cytes. Wright’s stam x 600. 



Biu. 4 — Case V. Pre-leuksermc phase. 
jMegaloblasts and macrocytosis m 
blood film of 30/12/46. Wnght’s 
stam. x 1000. 
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• Sec text. 


SUmal marrow biopsy (7/2/47) .• differential pcrcentayee 


Blasts 


. 3-0 

Lymphocytes . 8-2 i 

Promyelocytes 

0-7| 


Monocytes . . 2-7) 

Myelocytes N. 

, 24-61 

[• . . 43-5 

Pro-eiytliTohlasts O-S-. 

„ ■ E. . 

. 0*5 1 

Normoblasts A . 4-5 1 

Metamyelocytes 

. 17-7, 

1 

„ B . 16-7 ■ 

Polymorph neutrophils 

. 3-7 

„ C . 16-5^ 

Megakaryocytes 


. 0-3 

Unclassified . . 


Total nucleated cell count == 96,600 per c.Tnm. 
Leuoo-erythrogenio ratio = 1-2 ; 1 


Although a few of the erythrohlasts are of large size, their nuclear pattern is not 


that of megaloblasts. There are many giant metamyelocytes hut few mature poly- 
morphs. The myelocytes seem rather deficient in granules. The main features are 
those of active normoblastic erythropoiesis and some abnormality of granulocyte 


maturation (fig. 3). 


Progressive ansmia and gradually mounting leucocytosis were observed 
throughout her month in hospital. There "was a notable neutropenia and an 
increasing monocytosis. On 24th Peb. the white cell picture had altered 
strikingly. Doubt was then felt eis to the identity of the cells which were now 
provisionally classed as monocytes. They had a slaty, almost clear cytoplasm 
and a nucleus of twisted rope pattern. They proved to be loaded with 
peroxidase -positive granvdes although specific-staining granules were scarcely 
detectable with Wright’s stain. Blood films of 26th Feb. are depicted in figs. 1 
and 2. On that day the peculiar cells were classified as myeloblasts in accordance 
with the views of Naegeli (1931). The final blood picture was that of the 
so-called Naegeli type of monocytic leukEcmia (Downey, 1938 ; Watkins and 
Hall, 1940) which is, in fact, an acute myelogenous leutoemia characterised by 
bizarre monocytoid myeloblasts. 

Sone marrow. Sternal pimcture was made on 7th Feb. before leuksemia 
was manifest and when the diagnosis of pernicious ansemia was alone entertained. 
The differential marrow-cell count is shown in table H, together with the report 
issued at that time, as re-examination, of the preparations gives us no reason 
to modify it (fig. 3). 

Clinical course. IVhile in hospital there was a tendency to bleed from the 
gums and into the skin. Transfusion was unsuccessful, as rigors developed 
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vrithin n fcvr miswitca of etovting drJps of compotiblo blood. Liver extract was 
injected on 4th Fob. nnd on 0th Fob. nnd daily from 14tl> Fob. TJie roticulocj'tes 
rose from 1-8 per cent, on admission to 7-0 per cent, on tlio tenth day after the 
first liver injection. In view of this nnd of the long period of maintenance 
liver dosngo before admission, the absence of rncgnloblostosis of the marrow 
throe days after re-starting liver does not exclude the validity of the earlier 
diagnosis of pernicious nnfcmin. Both on admission nnd three weeks Inter the 
nnremia was moderately macrocytic (M.C.V. 107 c/i, M.C.H.C. 30 per cent.). 
The spleen became palpable when loulc(rmin developed. Tlio ])aticnt went 
homo nnd died there on 4tli April. Xo autopsy was obtained. 

Case V. JInlo aged 30, a plasterer, had n short attack of “ influenza ” in 
Xov. 1940 with fever nnd pains in the back nnd neck. After a few days ho 
resumed work but soon developed septic spots on the sonlp and nnso-lnbinl folds 
and became imduly tired. Ho nttendctl liospitnl on 28.12.40 nnd was admitted. 

Clinical examination. A welt-nourished man but strikingly pate. Left naso- 
labial fold has nn indurated lesion about 1 in. across with n dork necrotic centre. 
Infection of cr 3 ’pts of loft tonsil nnd nssocintecl lymphndenopnthy. Xo enlarge- 
ment of other IjTnph nodes or of spleen. Albuminuria. Small discrete 
liKmorrlinges in both optic fundi. 

Special tests. W.R. negative. Normal renal funelion. Normal X-ray 
appearances of long bones. Histnmine-fast achlorhydria. Blood cultures 
sterile on several occasions while piToxial. 

Hccmatology. Selected blood counts to show progress nro included in table 
Ur. On admission, severe macrocytic nn.Tmin (M.C.\*. 143 cp, M.C.H.C. 
32 per cent.), neutropenia nnd massive erythroblastosis, with n majority of 
megaloblasts. Thrombeej-topenin nnd prolonged bleeding time. Manifest 
leukromin occurred only four days before death, the total IV.B.C. count reaching 
37,200 per c.mm. on the day before death. Difibrentintion of the largo mono- 
nuclear cells in tho final examinations proved difficult, even with tho use of 
peroxidase staining, but tho out-pouring of tj'picnl niyeloblnsta and njyelocj'tcs 
established tho diagnosis of acute myelogenous loukiemin. Colls of tho peripheral 
blood nro illustrated in figs. 4-0. 

Bone marrow. Sternal marrow puncture was made shortlj' after admission 
and showed intense megaloblastic erj’thropoiesis (fig. 7). Smears were also 
made from puncture of tho sternal marrow immediately after death on 23rd Feb. 
(fig. 8). Tho marrow picture had then completely changed to that of myoloblnstic 
leuksemin. On both occasions tho marrow smears scorned highly cellular. 
Differential counts are shown in table III. 

Clinical course. Liver injections were instituted in view of tho severe 
macrocytic anajmia, tho peripheral nnd marrow megnloblnstosis nnd tho gastric 
achlorhydria. Tlieir effect was seen in tho reticulocyte response nnd in tho 
reversal of the marrow to normoblastic crythropoiesis, though nt tho same time 
the marrow had assumed leuknemio characters. Liver was given for 30 days 
but much blood was lost from repeated opisfnxis nnd tho hajmoglobin continued 
to fall, except when temporarily raised by transfusions. Symthotio folic acid 
only resulted in nn insignificant roticulocj'tosis at tho time when tho white 
cell count was beginning to climb. Necrotic lesions of mouth, tongue nnd 
fauces developed, and from 4th Jan. fever up to 103° or 105° F. was constant. 
Penicillin was without effect. The patient succiunbed to bronchopneumonia 
on 23rd Feb. It is interesting to note that loukromia was suspected on clinical 
groimds on admission but hoematological confirmation was vmcortain imtil 
shortly before death. 

Autopsy (23/2/47). Confluent bronchopneumonia of both lower lobes with 
sanguineous fibrinous pleurisy and pericarditis. Discrete ecchjTnoses in 
pleuras and intestinal mucosa. Liver 2220 g. Spleen 600 g., with many small 
recent subcapsular thrombotic infarcts. Greyish-red marrow filled the interior 
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Fig. 5. — Case V. Acute leukicmic phase. Blood 
film of 20/2/47. Myeloblasts and myelocytes, 
some TvitU monecj^toid nuclei. Wright’s stain. 
XCOO. 


Fig. G. — Case V. Blood film of 20/2/47. 
A neutrophil pohunorph, two granular 
myelocytes and two less differentiated 
myeloblasts. Wright’s stain. X 1800. 


'• — Case V. Sternal marrow of 3/1/47. 
Pre-leukremic phase. Tlie cells are all megalo- 
blasts with the exception of a “ smudged ” 
neutrophil at the top and two myelocjAes. 
Wright’s stain. X 900. 


Fig. 8. — Case V. Sternal marrow shortly 
after death on 23/2/47. Myeloblasts and 
myelocytes now predominate. Some are 
of monocytoid form and nucleoli are 
prominent m others. Peroxidase staining 
showed 62 -j per cent, of marrow cells 
bearing positive granules. Wright’s stain. 
5 
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of sternum and left femur. Microscopically, intense lei^fcmic mfiltrntion of 
splenic pulp, liver sinusoids and bono marrow ; less mtenso infiltration m 
Wdneys. No myeloid metaplasia discovered in the viscera. A differential 
marrow-cell count showed great preponderance of myeloblasts. 


TAntE in 


Case F. Hccmatological findings 







Lymph. 

Mono. 

XBcleated red cells 



TTh 

R.B.C. 

VC'lc.mm. 

W.B.C. 

Poly. 




Date 

1916/47 

(per 

cent.) 

per 

c.mm. 

(per 

cent.) 

(per 

cent.) 

(per 

cent.) 

Tot.al 
per KW 
W.B.C. 

Percentage 

mcgaloblasts 


30/12 

44 

1-4 ' 

1750 

23 

65 

12 

160 

70 

Reticulocj'tcs 4-3 

per cent. 

10/1 

44 

1-8 

... 

... 

... 

... 

... 

... 

Reticulocytes 12-0 

per cent, on 7th day 










of liver 

13/1 

16/1 

38 

48 

i’-'g 

2200 

2100 

28 

30 

65 

62 

7 

S 

150 

28 

70 

After transfusion 

30/1 

3/2 

38 

1'75 

4600 

24 

69 

7 

83 

53 

Platelets 33,000 per 

25 

1-1 

4200 

32 

65 

3 

30 

80 









c.miD. 

10/2 

62 




... 

... 

... 


Reticulocytes 0-6 








per cent. Trans- 
fused 4 pints 



1 14/2 



9000 

36 

64 

— 

15 

— 

Reticulocytes 2-0 









per cent, on 6th day 
of folio acid 


17/2 

• •• 

... 

9800 

31 

66 

3 

5 

— 

... 

19/2 

52 

2-8 

23,80C 

• «. 

... 

• •• 

... 

... 

... 

20/2 


... 

28,500 

18 

45 

15? 

2 

— 

Also 3 per cent, mye- 








loblasts, 13 per cent. 
myeloc;^es, 6 per 












cent. metamyelo- 
cytes 

22/2 

... 

... 

37,200 

... 

... 

... 

... 

” 

See text 


marrow differential percentages 



3/1/47 (biopsy) 

23/2/47 (1 hr. after death) 

Reticulum cells ...... 


1-0 

Blasts 



4-6 

57-0 

Promyelocytes ...... 

... 

1-0 

Myelocytes . 


5*5 

5-0 

Metamyelocytes ...... 

2-5 

7-0 

Neutrophil polymorphs .... 

3 0 

6-0 

1 Lymphocytes 


10 

7-0 

1 Pro«erythroblasts ..... 

5*0 

2-0 

1 

A 

0-0 ■ 


4-0) 

Normoblasts- 

B 

3-0 

8-0 

5-0il4-0 


C 

5-0 


5-0) 


A 

17-01 



MegaloblastsJ 

B 

41-0 

71-0 

Na 


ic 

13-0 




Cases IV and V are related and may be considered together. The 
former is that of a woman with an illness of 12 years’ course which 
must be regarded as pernicious ansemia in spite of the inadequacy 
of the earlier hsematological findings. Presenting symptoms included 
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anremia, glossitis and para}sthesia. Sho had gastric ncliloriij-dria. 
Liver injections maintained lier in good health apart from one relapse 
when treatment lagged. Tlic terminal acute leukfcmia lasted at most 
5 months. The association of the.se two di.sen.ses may, of course, be 
a matter of chance, ns Sterne ct aJ. (1941) suggest. Abnormal 
granulocyte formation was, liowever, observed in the marrow of this 
patient before the blood became Icukrcmic and was thought to be a 
relic of tlio marrow changes of pernicious anmmia. Giant metamyelo- 
cj'tes and bizarre nuclear forms, imperfect cytoplasmic granulation 
and vacuolntion of the carl}’ myeloid cells were seen, Dameshek and 
Valentine (1937) state that in pernicious anminia the abnormal 
granulocytes disappear from tho marrow under the intlucncc of liver 
therapy but less rapidly than tho mcgaloblasts. Foy and Kondi 
(1943) think that the giant metamycloc}'to is as characteristic of 
pernicious anmmia as the racgaloblast. Jones (1937) believes that 
abnormalities arc to be found in all stages of granulocyte development 
in this disease, a view with wliich we agree. [Moreover, wo feel some 
doubt whether tho common giant leucocyte of pernicious anremia is 
indeed a metamycloc}'tc. There is a possibility that thc.so cells are 
direct but abnormal descendents of tho myeloblast, i.c. that they 
may lie outside tlic normal m3’oloblnst — myelocyte — mctamyeloc}’te 
sequence, in analogy with the megaloblastic deviation of the red cell 
precursors. Wc have seen morphologically indistinguishable cells in 
the marrow of a case of acute alcukremic myelogenous leukreniia 
■u'ithout macrocytic anremia and in these surroundings they appear 
to be more nearly related to the myeloblast than to the normal 
metamyelocyte. They differ from the monocytoid myeloblast 
described by Naegcli in acute Icukremia only in their more prominent 
granulation. 

The acute loukremia in botli case IV and case V was marked by 
the circulation of monoc}’toid myeloblasts, but evidence is lacking to 
relate tins typo of acute loukremia specifically with tho pattern of 
abnormal granuloc}'to development seen in pernicious anremia. 
Although the view has been expressed b}- Davidson and Gulland 
(1930) and by Jones (1937) that deficiency of liver principle may 
account for imperfect maturation of granulocytes as well as 
er}i;hrocytes, we are not in a position to say tliat such a deficiency 
played a direct part in the pathogenesis of the leukremia in tliese two 
cases. We are here more concerned in recording tho fact that in these 
two instances of acute leulrremia there was an associated disorder of 
the red-cell-forming tissues of pernicious anremia t}’pe. Such an 
association accounts for the syndrome of loukanremia, a subject 
already adequately reviewed by Drysdale (1907-08), Sterne ct ah 
(1941) and Foy, Kondi and Murray (1946). The last-named authors 
and also Treadgold (1913) each describe a case very similar to our 
case V. 
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DISCTjSSIO^^ 

The cases here recorded have been chosen, from our recent experience 
to illustrate the more than coincidental association of leulcremia and 
anajmia. It seems to us that sufficient attention has not been paid to 
the matter or to the implications arising from cases of leukanajmia 
and other anomalous tyg&s which occur from time to time. Most 
authors (e.g. Forlmer, 1938, p. 54 ; Wiitby and Britton, 1946 ; 
Wintrobe, 1946, p. 707) assume that anosmia in leukajmia ordinarily 
arises from crowding out or replacement of erythropoietic by leuco- 
poietic tissue in the bone marrow. Tins view implies an analogy mth 
other space-occupying lesions of bone marrow which produce leuco- 
erythroblastic ansemia. But "Vaughan (1936) does not regard 
destruction or displacement of red-cell-forming tissue as the essential 
cause of this tj’pe of an®mia in such conditions as osseous carcino- 
matosis, myelomatosis and osteosclerosis, in the former of w’hich, 
at least, there is a strong probability that the total amount of red 
marrow in the body is actually increased. She ascribes it to a 
stimulated though possibly disordered erythropoiesis competing with 
an accelerated loss or destruction of red cells, the nature of which is 
unknown. Vaughan and Harrison (1939), however, report two cases 
of myelosclerosis with leuco-erythroblastic ansemia in which the red 
cells were abnormally fragile to hypotonic saline. In leukaemia, also, 
it has been suspected that excessive destruction of red cells may explain 
the ansemia and that the erythroblastosis may be similar in nature to 
that found in other haemolytic anaemias. Jaffe (1935) noted that 
erythropoiesis was often nearly as prominent a feature of the marrow 
in myelogenous leukaemia as leucopoiesis. Especially was this the 
case in acute myelogenous leuksemia, and Jaffe went so far as to 
suggest that initial destruction of red cells might be of importance in 
the pathogenesis of this disease. Haemosiderosis of the viscera in 
leuksemia has been noted by Jaffe and by von Kress (1933-34),. but 
Whipple and Robscheit-Robbins (1933) failed to find any significant 
increase in the iron content of the liver in acute leukEemia. Siderosis 
has not been conspicuous in any of our own autopsy material. Watson 
(1938) found conflicting evidence in cases where pigment excretion 
was studied and concluded that a haemolytic ansemia might occur in 
association with leuksemia, but that this was by no means the rule. 
Actual blood loss may contribute to the severity of the ansemia. The 
haemorrhagic tendency, however, usually becomes marked only in the 
later course of the disease where there is thrombocytopenia or peri- 
vascular leuksemic infiltration (Eorkner, p. 55). 

We are boimd to agree with the broad summing-up of Eorkner 
(p. 55) that disorderly blood formation, blood loss and increased blood 
destruction maj’^ each play a part in the mechanism of anfemia in 
leukemia, but our own studies lead us to think that the two last-named 
are only occasional and contributory factors and that disturbance of 
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normal eiythropoicsis is not only n common accompaniment but an 
essential pathological feature of the disease. Moreover, in our view, 
erythrogenic tissue is afiected in difierent ways depending upon the 
tyj)e of leukaemia. 

In myelogenous leukaemia nucleated red cells are released from the 
marrow almost constantly, irrespective of the degree of anremia. 
Instances aro also known of the co-o.\'istcnce of chronic m3'clogcnous 
leukaemia and cr^’thraemia in the same patient or of the transmutation 
of one disease into the other. Forkner, who has reviewed this subject, 
refers to such cases under the term er^’throlcukajmia. Wo have 
encountered a few ox'amplcs of this combination but we have no ncAv 
data worth detailing. So far ns wo know crj’thrmmia with crNdhro- 
blastosis has not been found in assoeiation with h'mphntic leukaemia 
with an3’thing like the same frequenc3'. The best documented cases 
of loukanremia have all been examples of cr3*lhroc3'tc disturbances 
of pernicious aiifcmia pattern occurring in association with nu'elogcnous 
leukaemia, usunll3’ of the acute 137)0. Richter ( 1938 ) also notes that 
these two abnormalities of the red colls both occur predominantly 
in m3’’eloid leukaemia. Stimulated nctivit3' of the er3'thron in m3'clo- 
gonous leukaemia would appear probable, having regard to the close 
histo-anatomical relationship of the red- and granular-ccll-forraing 
tissues. It is virtuall3' impossible to judge b3’ histological methods 
whether the total amount of cr3'thropoictic marrow in the body is 
increased, but wo suspect this to be the rule in m3’clogcnous leukaemia. 
Assuming then that rcd-ccll-forming tissue is In’pcrplastic and its 
activit3’’ stimulated in this disease, anaemia when it supervenes must 
be due either to blood loss or accelerated blood destruction or to a 
lessened rate of delivery of mature cr3"throc3'tes. TJio first wo have 
already described as only an incidental cause. Direct evidence of 
increased ha3mol3'sis is genorall3' wanting. TJie probabilit3^ therefore 
remains that, in spite of lyyierplasia of the or3'throgenic tissue, fewer 
red cells are actually produced. This cannot casil3' bo demonstrated, 
but an analogy ma3'’ bo drarni from pernicious anmmin and from 
h37)ochromic microcytic anmmia (Wintrobo, p. 539), in both of which 
er3i;hroid hyperplasia of the marrow is prominent and the anjcmia is 
known to be due to interference Avith erythroc3'tc maturation. 

In acute leukasmia anaemia is constant and increases rapidl3' in 
severity. The cases -wo have studied have been of acute m3'eloblnstic 
type. In the two examples here recorded (cases IV and V), anaemia 
and active marrow erythropoiesis Avere shown to be present iinmediatel3' 
before leukaemia was demonstrable in either blood or marroAV. In one 
case there was a long history of classical pernicious anmmia and in 
the other recent severe anaemia Avith megaloblastosis of both bone 
marrow and blood. In discussing these cases Ave have pointed out that 
the pernicious anaemia principle failed to influence the course of the 
leukaemia although it brought about normoblastic reA^ersion of the 
marrow. It is our vicAv that the strildng anaemia of acute leukaemia 
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results from abnormal functioning rather than ablation of the red-cell- 
forming marrow, though the abnormality may not alwaj^s take the 
form of a megaloblastic reaction. It is probable that cases such as ue 
have described and other instances of leukanajmia represent more than 
a coincidence of two diseases and that they are the outcome of some 
unknown stimulus affecting both tj^ies of marrow tissue simultaneously 
or one before the other. These cases maj' be a connecting link betrveen 
the purer forms of acute leukajmia and those much rarer e.xamples of 
immature cell erythrremia such as that described by Israels (1939a). 
It is certain that in both acute and chronic myelogenous leukajmia 
erythropoiesis and leucopoiesis should not be considered apart from 
each other and it is inaccurate to dismiss the ansemia in these diseases 
simply as a secondary phenomenon. 

The ansemia in clironic lymphatic leukaemia, on the other hand, 
though it tends to be more pronounced at the time of diagnosis and is 
often very severe towards the end, is accompanied much less constantly 
by signs of stimulated erythroid actmty. There is a lesser frequency 
of er^hroblastosis. Crowding of the bone marrow by lymphocytes 
reduces both its red- and its granular-cell-forming potentialities. The 
anaemia in lymphatic leukaemia seems to be due, in most cases, to 
depression of erythropoiesis without compensatory stimulation. 

Stoemaby 

1. Both the incidence and the severity of leukasmic anaemia are 
found to be highest in acute leuk$mia and higher in chronic lymphatic 
than in chronic myelogenous at the time of first diagnosis. 

2. Nucleated red cells are less frequently present in the blood in 
chronic lymphatic leukaemia than in the other types of the disease 
and severe grades of anaemia in this condition appear to be due mainly 
to lymphocytic infiltration of the bone marrow with hypoplasia of 
the erythron. 

3. In both chronic and acute myelogenous leukaemia there is 
evidence of stimulated and abnormal activity of red-cell-forming 
tissue. In some cases this may antedate other manifestations of 
leukaemia by a long interval of time. Peculiar signs of disordered 
erj’thropoiesis are seen in cases of erythroleukEemia on the one hand 
and leukanaemia on the other. 

4. Blood loss and excessive red-cell destruction may operate in 
some cases to aggravate the anaamia but its essential natare appears 
to be, in lymphatic leukaemia, hjqpoplasia of the erythron, and in 
myelogenous leukaemia defective production of cells from a hyper- 
plastic marrow. 

5. The incidence and severity of anaemia in 50 cases of leukaemia 
at the time of first diagnosis have been analysed and five illustrative 
cases of particular interest are recorded. 
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THE ]MECHANIS]\I OF PARENCHYIMATOUS 
DEGENERATION PRODUCED BY DIPHTHERIA 
TOXIN 

G. POPJAK* 

From {?ic Dcpa rftjteiif o/ Pathology, St Thomas's Hospital Medical School, 

London 

(Plates XIX-XXI) 

It is nearly 100 years since Virchow (1852) described “ parenchymatous 
inflammation” — classified later as degeneration— and yet the exact 
mechanism of this condition is still unknown. Virchow (1858) 
envisaged parenchymatous degeneration as being due to a state of 
stimulation of the cells, in which the tissues have taken up excess of 
nutrient materials. Davidman and DoUey (1920-21) also thought 
that cloudy swelling was due to a process of stimulation. The literature 
of the subject subsequent to Virchow’s publications is very extensive 
and need not be reviewed here. It has been suggested that the 
appearance of the cells in parenchymatous degeneration might be 
due to an increased hydration of protoplasmic proteins (see discussion 
following the article by BeU, 1913 ; Uher, 1931, 1932, 1933), although 
definite evidence on the question is lacking. It was hoped that by 
studying water and electrolyte distribution in the tissues this hypo- 
thesis might be tested and it is believed the data here presented show 
in a quantitative maimer that in parenchymatous degeneration, 
produced by diphtheria toxin, there is increased hydration of 
protoplasm. 

JIaxebial axd siethods 

Human post-mortem material is unsuitable for the type of investigation 
planned because of vmavoidable autolytic tissue changes and rapid diffusion 
of electrolytes across cell membranes after death. For this reason experiments 
were carried out on rabbits injected with diphtheria toxin. 

Albino rabbits of 1700-2300 g. weight and bred in the department were 
used. For each experimental animal a litter -mate was used as control. In 
one set of experiments the rabbits were injected subcutaneously, between the 
scapula, with a dose of diphtheria toxin which would kUl a 2-o kg. animal in 
4 days, i.e. approximately 1 M.li.D. for our rabbits. When these large doses 
of toxin were employed, the animals were killed 24 hours after the injection, 
at a time when they were still vigorous. They were given FTembutal (1 ml. of 
a 10 per cent, solution/3 lb. body weight) intravenously and were bled from 
the aorta. The liver and kidneys were quickly excised, weighed and samples 

* This work was carried out during the tenure of a Beit Memorial Fellowship for 
Medical Research. ^ 
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tnkcn for diemicnl nnnlysis nnrl micro«copirnl cxnTninnf ion. In tijo second sot 
of oxporinicnt.s tlio rnbbit.s received Ktibciiinncoiisly 20 per cent, of fho .M.L.D, 
nnd ■were killed 2, 3, 0 ntid 14 clnys nfter injection. Hero nlso litfor-mnle.') wore 
used ; tlioy ivoro nil injected nt the snmo time nnd one wns killed 2 or 3, tho 
other 9 or 14 dnys Inter. 

Histological methods. Sections vore stnino<l with li.'emntoxylin nnd eosin, 
Bests nmmonincnl cnrinino for RlycoRen, nnd by AlUmnn’B method for mile- 
ehondrm ; frozen sections were stnined with Schnrlnch R for fat. 

Chemical auabjscs. Tho -wnter. Cl, nnd K content of liasuos nnd .scrum 
nnd the non-protein- nnd totnl-nitrogen content of tissues were determined. 
All vnlues wore cnieuinted on tho basis of fat-freo fresh ti.ssuo ; this eliminates 
variations duo to different fat content of the tissues from nnimal to animal. 

^or tho clolcrmmntion of wator content voighod pamplos of tisKUo nnd 
^nim voro frozen with ncetono-CO, enow mixture nnd dric<l in tviet/o over 
IjOs : the residua! moisture was removed by heating in an oven nt 103“ C. 

or t 10 extraction of fat (mostly neutral fat) tho dried tis.sno.s were covered 
■nit i other ; after 3-4 hours tho ether was drawn off nnd fresh solvent adder], 
^ by light petroleum (b.p. 40“- 

.). After standing overnight, the extraction with light petroleum was 
ropeatod 5 times during tho next 24 hours, after which tho organic .solvent 
TCmnmmg m the tissues was evaporated off by heating in tho oven nt 103“ C. 
le weight after extraction was taken ns tho woiglit of tho fat-freo solid-s in 
10 samp e. lor tho electrolyte determinations tlio fat-freo dried tissues were 
powdered to en.suro uniform sampling. 

Chlorine was doterminod by tho method of Wilson nnd Ball (1928). 
i?or the determination of sodium and potns-sium, l-r>.2'0 g. of tissue powder 
w beaker, 5 ml. of 4 iV.H 5 S 04 added and tho whole 

m c oven overnight. Tho re.siduo wa.s tlien n.shed in a 

m^o furnace at C00“ C. Tho nslj wn.s di.asolved in 5 ml. of AMICI and 

''obimctric flask and made up to volume, 
placed in a centrifuge tube, evaporated to drimess in an 
of pota.ssium as tho ehloroplatinatc by the 
thn 1 f **• ' ®obd CaOH was added to tho remainder in 

centr.-fi*' remove phosphates ; nfter 30 min. tho mixture was 

contniniW 9 ” 7 r Tr Rupomatant were measured into beakers 

n ainmg 2 ml. of Af.HCI. The contents of tho beakers were concentrated on 

uranvl zinn nr- ° 2 ml. nnd tho precipitation of sodiiun with 

methoL. ■ «Ie°‘roIyfcs m tho serum wore doterminod by tho same 

S°a^o?i?Seo^T Th o worn cooled,^! foifd^^^ 

nLeT^nd thrLr (100 vols., B.D.H. miero-analytical reagent) 

of ?on nmtHn 1 ® “ farther 2 houm. For the determination 

of non-protem N approximately 2 g. of fresh tissue wore ground with 10 nor cent. 

ofdiwSn "to of t : fll rartren 

JSmt powS. -"e- “-I** of f«t-r™ OO- 

Results 

Morphological observations 

MacroscopcaUy there were but fetv clianges in the o.xperimental 
animals. There were petechial htemorrhages and necroses in the 
subcutaneous tissues and dorsal muscles, but onty at the site of 
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' 10 . 1. — ^Korma\ rabbit liver, showing tlark- 
staimng nuclei and coarsely granular 
cytoplasm. Hscmatoxvlin and eosin. 
X 660. 



!• In. 3. — Xormal rabbit liver stained for mito- 
rhonflrin, ivliich appear as cbscrete granules 
m the eytoplasm. x 720. 


c! 



Fig. 2. — Rabbit liver 2-1 Ivrs. after the injec- 
tion of 1 M.L.D. of diphtheria toxin. The 
cells are swollen and the nuclei stain much 
paler and are larger than in fig. 1. The 
cytoplasm shows fine granularity. Hrema- 
toxylin and eosin. x 6G0. 



Fig. 4.— Rabbit liver stained for mitochondria 
24 hrs. after the injection of 1 II.L.D. of 
diphtheria toxin. The mitochondria show 
conglomeration into large granular masses. 
The swelling of the cells is very obvious as 
compared mth fig. 3. X720. 
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injection. In the experiments \dth the larger dose of toxin there were 
occasionally a few punctate luemorrhages in the omentum and 
hyperjemia or small hasmorrhages in the adrenals 24 hours after the 
injection. With the smaller dose of toxin only the adrenals showed 
these changes. There were no definite changes to the naked eye in 
the liver. The renal cortex was usuallj' swollen and the glomeruli stood 
out as tiny red dots. The blood content of liver and kidneys was 
determined in several experiments by the method of Childs and 
Eichelberger (1942) but no increase was found as compared with 
the controls. 

Perhaps the most tangible gross change in the liver and kidneys 
was their increased weight. Table I shows the mean weights (g./lOO g. 


Tabue I 

Liver and kidney weights (g./lOO g. body weight) of 
control and diphtheria toxin-treated rabbits 


Organ 

Controls 

Experimental 

Standard error 
of dlfTcrence 
of means 

Liver .... 

2-83-1-0-28 

(10)* 

3-34i0-27 

(13) 

iO-131 

Kidney 

0-480i0-091 

(10) 

0-580i0-097 

(16) 

iO-038 


• Figures in brackets Indicate the number of animals used. 


body weight) of the liver and kidneys of the control and experimental 
animals ; the difference of the means for the liver is definitely, and for 
the kidneys probably, significant. 

Histological examination of the tissues was carried out on each 
animal in order to ascertain the type of lesions produced and to 
correlate these with the chemical findings. Fig. 1 illustrates the 
usual histological appearance of the liver of normal rabbits ; the 
nuclei stain intensely and the cytoplasm shows a rather coarse 
granularity owing to the presence of glycogen, which is imstained. 
Fig. 2 shows the typical appearances either 24 hours after the lethal 
dose of toxin or 72 hours after the non-lethal. The nuclei and 
cjdoplasm stain' very faintly and both appear swollen as compared 
with the normal. There is either no glycogen or only a trace in the 
cytoplasm. Doubly nucleated cells are a prominent feature in the 
experimental animals. By cell coimts it is found that in the liver 
of normal rabbits about 10 per cent, of the cells have two nuclei ; in 
the experimental animals 30 per cent, or even more, of the liver cells 
are double-nucleated but karyokinesis is not observed. In normal 
livers the mitochondria are distributed in the cytoplasm as discrete 
granules (fig. 3) ; in the toxin-treated animals they show a tendency 
to crowd around the nuclei and often to conglomerate into larger 
masses (fig. 4). 
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Tho renal cortical tubviles of the rabbits injected 'witli toxin arc 
swollen, tho granular cjloplasin and nuclei stain much paler than 
normal (figs. 5 and G), and tho normally rod-shaped mitochondria of 
the proximal convoluted tubules become fragmented (figs. ” and 8). 
These changes in mitochondria were described in 1914 by Dibbelt. 
Xcither in the kidneys nor in the liver is .stainablo fat observed in 
excess of that found in the control.s. 

Tlieso histological changes would probably bo accepted by most 
2 mthologists ns parenchymatous degeneration, but wliethcr they 
arc exactly identical with tho changes described originnll}' as cloudy 
swelling is more difficult to decide. In fresh preparations of suspen- 
sions of single liver colls in an isotonic POf buffer, pH 7*4, viewed 
through the microscope, the only difference between normal li^er 
cells and cells isolated from the liver of e.xperimenfal animals is the 
larger size of tho latter and the frequently observed double nuclei. 
Both normal and degenerate cells contain occasional refractile globules 
(fat droplets) and opaque granules in about equal numbers ; it is only 
a subjective impression that these opaque granules arc .somewhat larger 
in the degenerate liver cells, an ob.ccrvation which might be related 
to the conglomeration of mitochondria (cf. fig. 4). 

licsulls of chemical invcstigatio7is on the liver 

From recent investigations it is known that chlorine and sodium 
in muscle are chieflj’’ extracellular and arc in membrane equilibrium 
with tho ions in plasma ; potassium on the other hand is intracellular 
{cf. Manery and Hastings, 1939 ; Hober, 1945). From the determina- 
tion of the concentration of chlorine in plasma or scrum water and 
from the water and chlorine content of the tissues, then, it is possible 
to calculate the volume of the e.xtracclhdar, or more correctly the 
Cl-space, and also to arrive at the concentration of water in tho 
intracellular phase. It seems probable that this is also true of tho 
liver (Manery and Hastings) but certainly’’ not of the kidney, where 
excretion of these electrolj'tes takes place. Tlie water and elcctrolj*tc 
determinations w'ere carried out with these considerations in mind. 

The size of the extracellular phase {V, g./kg. fat-free fresh tissue) 
and the water content of the intracellular phase {C, g./kg. intra- 
cellular phase) of the liver were calculated by formula) (1) and (2) 
(Hastings and Eichelberger, 1937) ; 

y mEq.Cl'/kg. fat-free fresh tissue 

mEq.Cl'/kK. serum water 

0-95 ^ ^ 

p _ HaO g./kg. fat-free fresh tissue— 0-99 x F » 9 \ 

The data required for these calculations are summarised in table II. 
The analytical results and the calculations based thereon for tho 
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, T — Xormal proMmal comoUited tubules 
)f rabbit’s kidney. Hscmatoxylin and eosin. 
X410 


Fig. 6. — Rabbit kidney 24 hrs. after the injec- 
tion of 1 M.L.D. of diphtheria to\m, show ing 
proximal convoluted tubules. The granular 
cytoplasm and nuclei stain paler than normal. 
Hajmatoxvlin and eosm. x410. 





. *• *• — Xormnl rabbit kidney, lUiLStrating the 
“hnpcd mitochondria of the proximal 
(}j on\ olutod tubules, x 900. 

W ‘ 


Fig. 8. — Rabbit kidney 24 hrs after the injec- 
tion of diphtheria toxm, shoivmg fragmented 
mitochondria m the proximal convoluted 
tubules. X 900. 
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control animals are in verj^ good agreement vnth the data of Manerj' 
and Hastings. It appears that in parenchjmiatous degeneration the 


Table II 


Chlorine conicnt of strum and icaicr and dcctroUjtc content of liver of normal and 
diphtheria toxin-treated rabbits ; extracellular phase and water cantent of 
intracellular phase of liver. All tissue constituents refer to those of fat-free 
fresh liver 



1 


Mver electroljtca j 

Extra- 

Water In 
Intraccllnlar 
plmse (c./kg. 
Intracellular 
plmse) 

1 


Serum Cl 
(mEq./kg.) 

:ontcnt| 
of Hver 
(B./kg.) 

Cl Xa 

(mEq./kg.) 


ccUnlar 

pluasc 

(g./kB.) 

Remarks 

! 

Mean of 

10 controls 1 

111-7 

719' 

29-0 31-0 

82-0 

248 

630 

Normal ' 

S.D. ’ 

i3-l 

±8 

i2-l: i2-6 

±4-5 





111-2 

770 

26-3 28-6 

75-6 

225 

702 

24 hours after 

10 esperiments 
S.D. 

£3-7 


±3-4 ±3-9 

±2-5 

±28 

±18 

injection of 

1 M.L.D. of 
diphtheria toxin 

Standard error 
of difference 
of means 

±1-6 

i 

' i5-7 

±1-4 ±1-6 

±1-7 

±12 

±8-5 



water content of the organ has increased, bnt this increase accounts 
only partly for its increase in weight. As will be shown later, most of 
the enlargement of the liver is due to an increase in the protein 
content. The chloride space, or extracellular phase, is slightly smaller 
in the experimental animals than in the controls, but the difference is 
not statistically significant. The calculation of the water content of 
the intracellular phase shows, on the other hand, that the increased 
water content of the whole organ is brought about by an increase in 
the amount of intracellular water. On the basis of histological evidence 
it is inferred that the excess water is uniformly distributed throughout 
the cytoplasm, i.e. there is an “ intracellular oedema 

The pertinent results of the experiments with the non-lethal doses 
of toxin are shown in table HI. Seventy-two hours after the injection 
of 0-25 M.L.D. of toxin the histological changes in the liver and 
kidney are indistinguishable from those seen 24 hours after the 
injection of 1 M.L.D. of toxin. The chemical analyses also yielded 
similar results, i.e. an increased water content due to “ intracellular 
oedema ”. When the animals were allowed to survive 9 or 14 days, 
a gradual recovery took place, the water content of the whole organ 
and of the intracellular phase returning to normal by the 14th day. 
Histolo^cally also the livers are normal by the 14th day, except that 
the liver-cell columns appear separated by a wider space than usual. 
This can be well correlated with the increased extracellular space 
calculated from electrolyte distribution (see table TTT ) 
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Forty-eight hours after the injection of the non-icthal dose of toxin 
the results of both histological and chemical investigations were quite 
different from tliose seen in parenchymatous degeneration. Tlio 
Avater content of the liver Avas increased to approximately tlie same 
extent as in cloudy sAA'elling and there Avas an increase in the amount 
of intracellular AA’ater, but there Avas a great reduction of the extra- 
cellular space also (see table III). In hajmato.xjdin and cosin sections 


TAni-n III 

The effect of 7ion-lcthal doses (approxitnately 0-25 M.L.D.) of diphtheria toxin 
on the water content and mtra- and extracellular phases of the rabbit’s liver. 
All constituents refer to those of fat-free fresh liver 


Expt. no. 

Wntor 

content 

(R./kB.) 

Kxtra- 

ccllnhr 

nlin»c 

(B./kB.) 

AVnler conli-nt 
of Intrac<>IIiil.ir plja«e 
(s./kg. Intracellular pliasc) 

Time nflcr 
Injection of 
toxin 

Miciwopica! 

cli-ingc* 

Jlcan of 

719 

248 

630 


Xormal 

10 controls 






S.D. 

±8 

±20 

±1S 



n 

742 

187 

715 

48 lioura 

GbxoRcn fitorneo 

12 

7G4 

107 

709 



13 

757 

175 

708 



14 

760 

170 

709 

»» »f 


Mean 

750 

184 

710 

48 hours 

... 

15 

HI 

242 


72 hours 

PnrenchjTnatou.s 

IG 


200 


»» tf 

dogenoration 

17 

704 

223 


>t 1* 


18 

771 

227 

706 

»» »> 


Mean 

703 

239 

091 

72 hours 

... 

19 

741 

103 

082 

9 dn3-s 

Gradual rocovorj' 

20 

741 

190 

680 

9 „ 


21 

723 

295 

on 

14 „ 


22 

734 

298 

025 

14 „ 



the liver cells, Avith Avell-defined cell membranes, appear bloAAui up 
and tightly packed together (fig. 9), AA’hich agrees Avith the finding of 
a decreased extracellular space. The empty appearance of the 
cytoplasm in these sections is duo to distension of the cells by large 
numbers of coarse granules of glycogen (fig. 10). These changes are 
probably due to the effect of toxin on the adrenals and are manifesta- 
tions of an “ alarm reaction They Avill bo discussed later. 

Having established the fact that in parenchymatous degeneration 
there is an intracellular oedema, the question remained as to hoAv the 
increase in the intracellular Avater AA^as brought about. There are tAvo 
obvious possibilities : (a) that the toxin causes a breakdoAAm of 

cytoplasmic protein and the resulting smaller molecules increase 
the intracellular osmosis ; and (6) that, due to alteration in the 
cell membrane, its permeability to Avater is increased. Both these 
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possibUities ^vere explored but rerj* little positive information has 

been gained. . . 

It -n-as thought that if there is increased protein breakdoivn m the 

liver, there might be an increase in the non-protein-?l content of 
the organ. The non-protein- and protein-N content of the liver of 
control rabbits and of those injected vrith 1 Jf.L.D. of toxin are shown 
in table IV. 

Table R* 


iS'on-profcin- and prolcin-N content of liver of control rabbits and 
those injected tviih 1 MX.D. of diphtheria toxin 



Xon-protcln-X 
(tnc.pOO e- fat- 
free fresh Uver) 

Protein nitrogen 



msr.flOO R. 
fat-ffcc fstsh 
Uver 

mg.'ioo B. 

rabbit 

Time aUer 
injection 

Mean of 10 controls, with S.D. 

218i:15 

2931 ±234 

81-S±4-25 


Mean of 10 experiments, with 
S.D. 

236i;40 

2887 ±105 

9S-3±6-71 

24 hours 

Standard error of difference of 
means 

iU-3 


±^2-65 



It appears that the non-protein-N content of the experimental 
livers did not differ significantly from that of the controls, although 
the greater standard deviation indicates that the diphtheria toxin had 
some slight but variable effect. The concentration of protein was 
unaltered, but taking into account the enlargement of the livers 
{of. table I) the absolute amount of Uver protein was increased by 
about 20 per cent. This finding is in excellent agreement with the 
histological evidence of increased cellular division in the toxin-treated 
animals and also accounts for the enlargement of the liver. The 
proteins newly deposited in the liver might have a lower molecular 
weight than those fovmd in the normal organ, and in that case increased 
intracellular osmosis could explain the intracellular osdema. Ho 
evidence, however, could be obtained on this point and the question 
must be left open. 

In an attempt to investigate the properties of the liver cell 
membrane, the electrophoretic mobility of single liver cells suspended 
in an 31/15 1?0^ buffer, 7-4, was determined in the microscopical 
electrophoresis cell of Abramson (Abramson, Moyer and Gorin, 1942). 
The electrophoretic mobility of such large particles as the liver cell 
depends entirely on the quality, or more precisely on the net electric 
charge, of the surface membrane. 

The suspensions of liver cells -were made with the aid of a special syringe 
demised and kindly lent to me by Dr Roland John, who uses it to prepare 
single-cell suspensions ,rf rat tumours for intravascxdar injection. He informs 
me that the cells rem^ riahle. A detailed description of this syringe and of 
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its uso ■will bo given b3’ him. It consists c3sontinIl3' of a tiurnlumin bnrrcl fitted 
•with a piston moving along a screw thread. Instead of a nozzle the 63Tingo 
is provided "with a stainless steel plate liaving a small hole in its centre ; the 
diameter of this hole on the inside is 150 /i and on the outside 50 p. Thus 
there is a funnel-shaped boro through the plate. Scrapings made with a scalpel 
from a cut surface of the liver are placed in this 83Tingo and squirted through 
the hole of the front plate. The tissue pulp collected on a watch-glass is 
transferred with a Pasteur pipette into a tube containing the buffer and 
distributed in it by blowing air through. The tube is loft standing for about 
1 minute, diwing which the coarser clumps of liver cells separate out. The 
supernatant is transferred to a centrifuge tube and placed in the centrifuge 
which is rapidly accelerated to about 2000 R.P.M. and stopped. The individual 
liver cells sediment down into a small pad ; the supernatant, containing cell 
debris and nuclei, is discarded. The sedimented cells are re-suspended b3' 
agitation in fresh buffer. A portion of this specimen is further diluted and used 
for filling the electrophoresis cell. jVlost of the individual liver cells in such a 
suspension appear intact, with well-defined cell membrane, C3'toplnsmic granules 
and nucleus ; tho3- are usunll3’ spherical or oval. Onl3' damaged colls, easil3' 
distinguishable, have irregular outlines. Colls from normal livers have an 
electrophoretic mobilit3’' (at room temperature) of 1 -SOdrO-lT /V^ec./volt/cm., 
those from livers of toxin-treated animals 1-17+0-17 g/scc./volt/cm. B3' 
comparison, the author’s rod corpuscles under identical conditions hod an 
electrophoretic mobilit3- of 1-50 ;i/sec./volt/cm. All liver cells from the same 
animal had identical mobilities. There was onl3' one animal in which, 14 dn3-8 
after the injection of 0-25 JLL.D. of toxin, liver cells with two mobilities were 
found, one with a mobility of 1 -35 g/sec. and another t3-pe witli a mobilit3’ of 
1-00 g/sec. Histologically this liver appeared normal {rocovorod) and the 
identity of the two t3'pcs of coll with different mobilities could not bo established. 
These findings indicate only that there is no gross alteration in the ph3-sico- 
chemical composition of the liver coll membrane ns a result of treatment with 
diphtheria toxin, but still do not exclude the possibiIit3' of an increased 
permeability of the plasma membrane to ■water. 


Results obtained on kidneys 

The number of analyses on kidneys tvas comparatively small and 
therefore figures of individual experiments are shoum in table V instead 
of the summary presentation used in the case of the liver. The kidnej% 
because of its complex structure, cannot be considered as consisting 
merely of extra- and intracellular phases, but more lUiely of extra- 
cellular, “ intratubular ” and intracellular phases. Nor is it justifiable 
to calculate the volume of such phases from simple electrolyte 
distributions beWeen plasma and tissue because of the excretion of 
salts. Any changes in the excretory function of the Iddneys brought 
about by the diphtheria toxin might cause groat changes in the 
electrolyte concentration of the Iddnoy irrespective of changes in 
extra- or intracellular phases. That there ■was some disturbance of 
kidney function ■was e^vident from the slight proteinuria ■«'hich was 
found in all animals injected ■with toxin. 

The results, however, indicate a slight increase in the water 
content of the kidney and a marked fall in chlorine and sodium content. 
Whether the latter indicates a reduction in extracellular and “intra- 
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Fig. 9. 


Fig. 


PAKENCHYM.VTOI'S HEOKNEIIATIOX 



, — ^Liver of rabbit 48 hrs. after the injection of 0-25 M.L.D. of diphtheria toxin. 
Haimatoxylin and eosin. X 460. 



10. (A). Glycogen in normal rabbit liver. (B). Gl3'cogen in the same section as 

illustrated in 6g. 9. x 460. 
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tubular ” phases is uncertain, but it might bo of interest to mention 
■svithout going into detail that the Nn and Cl excretion of rabbits 


Table V 

Fn/cr and ckcJrohjic content of kidneys of rabbits injected with 1 M.L.D. of 
diphtheria toxin as compared with controls 
Constituents refer to those of fatfrcc fresh tissue 


Animal no. 

Water content (g.fkK.) 

Ci 

Xa 

K 

Time after Injection 

(mEa./l-R.) 

Control 1 

795 


74-2 




2 

7S5 

63-0 

78-3 

65-0 



„ 3 

SOO 

66-0 






789 

62 0 

71-0 

65-0 



« 5 

799 

67-2 

71-0 

64-0 



Average 

794 

65 '7 

73-6 

63-0 


Expt. 1 

804 

56-2 

67-5 

63-5 



o 

817 

50-8 

64-1 

57-0 



„ 3 

812 

52-2 

69-6 

58-3 


24 hours 

.. 4 

812 

46 "7 

65-0 

57-4 




SOI 

51-9 

... 

62-5 



„ 6 

808 

1 

49-8 

... 

63-3 



Average 

809 

51-3 

C6'5 

60-3 



injected -nith diphtheria toxin rras extremely low and that there -vras 
definite salt retention. This, like the glycogen storage in the liver, 
might be the result of hyperactivity of the adrenal cortex. 

It is inferred, therefore, only by the analogy between the histo- 
logical changes in the kidney and liver, that in the kidney also there 
is an intracellular cedema in parenchymatous degeneration. 


DiscxrssiOK 

The evidence presented shows that in parenchymatous degeneration 
produced experimentally in the liver there is increased hydration of 
protoplasm and in addition a building up of new cellular elements. 
Whatever the point of attack of diphtheria toxin, it definitely causes 
increased cellular activity as evidenced by nuclear division and an 
increased protein content of the liver. Virchow’s hypothesis that 
in parenchymatous degeneration the ceUs are in a stimulated state 
is therefore fully supported ; further, the suggestion of an intracellular 
oedema is quantitatively proved. Uher (1931, 1932, 1933 ) studied 
by physico-chemical methods parenchymatous degeneration in the 
human liver and found that pieces of liver tissue obtained from cases 
of septicEcima, when soaked in isotonic NaQ or KCl solutions, gained 
much less weight than a pece of liver from a case of accidental death. 
It might be expected that, if there was already a high degree of 
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hydration of protoplasm in tho septicajmic cases, tlie degree of furtlier 
hydration induced immersion in an aqueous solulion M-ould be less 
than with a piece of normal tissue. A piece of fattj’ liver would 
behave, however, in the same way, and it is imfortunato that Uher 
docs not mention if those livers were liistologicnlly examined. It is 
uncertain, therefore, whether the quoted observation can be taken 
■without qualification as supporting the results of the present 
investigation. 

The observed glycogen storage in the liver 48 hours after tho 
injection of a non-lcthal dose of toxin and the salt retention clearly 
point to an alarm reaction. The cfTccts of diphtheria toxin on tho 
adrenals arc well kno^vn and also that in tho alarm reaction there is 
an increased secretion of adrcno-cortical hormones (c/. Popjak, 1944 ; 
Sayers cl al., 1945). Sayers cl ah have also shown that the increased 
activitj’- of the adrenal cortex in the alarm reaction is brought about 
by tho action of the adrenocorticotropic hormone of the anterior 
pituitary. Thorn, Forsham and Prunty (1947 ; private communication 
from Dr Prunty) found that the injection of adrenocorticotropic 
hormone to a man suffering from mild lij'pojntuitarism caused retention 
of Na and Cl and an increase in liver glycogen. While these observa- 
tions may not seem to have a direct bearing on the present problem, 
the}’- clearly show tho complex interaction of bodil}* functions. 
Virchow’s conception of degenerations as being passive processes (see 
Aschoff, 1921 ; “ Virchows Lchre von den Dcgencrationcn (passiven 
Vorgfinge) und iluo Weiterentwicklung ”) seems therefore paradoxical, 
especially since ho liimsclf thought parenchj’raatous degeneration to 
be a response of cells to stimulation. 

StranuAKY 

1. ParenchjTnatous degeneration, produced in the kidnej' and liver 
of rabbits by the injection of diphtheria toxin, was studied liistologicallj' 
and by chemical methods. 

2. determination of the water and electroljdo content of 
tissues and serum, it is found that in parench 3 ’-matous degeneration 
of the liver there is an increased water content of tho organ, and that 
all the excess water is intracellular. There is also increased cellular 
activity in the liver as evidenced bj’- enlargement of tho organ, nuclear 
division, and increased protein content. 

3. These changes are observed 24 hours after tho injection of 
1 M.L.D. or 72 hours after the injection of 0-25 M.L.D. of diphtheria 
toxin. Two weeks after the injection of the smaller dose tho condition 
of the liver has returned to normal. 

4. Forty-eight hours after the injection of 0-26 SI.L.D. of diphtheria 
toxin there is a great accumulation of glj'^cogen in tlio liver ; this, 
together -ndth some other observations, is interpreted as a manifestation 
of an alarm reaction. 
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5. The kidneys of diphtheria toxin-treated animals show a slight 
increase in water content and a decrease in the clilorine and sodium 
content. It is not possible to calculate the volume of extra- and 
intracellular phases in the kidney from simple electroljde distributions. 
It is suggested, therefore, only by analogy between the liistological 
changes in the renal tubules and those in the liver, that cloudy 
swelling in the kidney is also accompanied by intracellular oedema. 

I am very much indebted to Professor W. G. Barnard for his suggestions 
and his stimulating interest in the present work. A grant from the Thomas 
Sraj-the Hughes INIedical Research Fund for the purchase of a muffle furnace 
is fatefully acknowledged. I wish also to thank IMrs P. de C. Williams for her 
skilful teclmical assistance and Mr A. E. Clark for the preparation of histological 
sections. 
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THE EFFECT OF TEMPERATURE UPOIS? AjS^TI- 
BODY PRODUCTION IN COLD - BLOODED 
VERTEBRATES 


K. A. Bisset 

Department of Bacteriology, University of Birmingham 

Tv bacterial infections of fisb and ainpliibia, tbe balance between bacterium 
and host which exists at low temperatures is upset if the temperature is raised 
(Bisset, 1946) ; there is an increase in both the offensive power of the microbe 
and the defensive activity of the host (Bisset, 1947ci). This balance is delicate 
and complicated, because, while immunity is much more readily acquired at 
higher temperatures, antibody production being inhibited below about 12° C. 
(IVidal and Sicard, 1897 ; Cushing, 1942 ; Bisset, 1947a ; and others), natural 
resistance is distinctly higher at low temperatures (Bisset, 19476). Similar effects 
have been reported by Paillot (1921) in insects. 

This complex situation may account to some extent for the anomalous 
reports of the effect of temperature upon bacterial diseases of cold-blooded 
animals. Emerson and Norris (1905) reported that the course of “ red-leg ” 
disease of frogs might be arrested by placing them at a temperature a 
little above freezing point. Ernst (1890), working with a similar disease of 
frogs, reported that their resistance to infection was greater at higher tempera- 
tures. Davis (1921-22) foimd that injured fish became infected at high water- 
temperatures. 

The same anomalies have been reported among the invertebrates. Chorine 
(1933) reported that lowering the temperatme cured infected caterpillars, 
whereas Pospelov (1926) produced the same effect in locusts by raising it. The 
available evidence is more fully discussed elsewhere in a review of the literature 
(Bisset, 1947c). 

Preliminary observations 

The initial observations fi:om "whicb the present studies arose 
were made upon perch {Perea fiuviatilis) and powan {Goregonus 
chipeoides) under natural conditions. 

It is known that fish are often parasitised by what are otherwise 
saprophytic water bacteria (Williamson, 1929 ; Bisset, 1946), and 
it was observed that the degree of infection decreases in summer as 
the water temperature rises, and increases in autumn (Bisset, 1948). 
It was also observed that as the temperature increases the fish may 
rid themselves completely of certain bacterial species. If these 
bacteria are commonly present in the water, the ’fish must resist 
reinfection for a certain period. They are nevertheless found to be 
infected once more at the end of the winter. Thus the immunity which 
they acquire and maintain while the temperature is high must be lost 
w]ien it falls. 


J. PATH. TlACr. — TOL. IS 


87 



88 


K. 4 . BISSET 


Experiments wore devised to investigate this phenomenon under 
laborator}" conditions. Tlio common frog (,Jiana icmjwaria) vas 
emplo3"ed for serological work because these animals survive handling 
better than fish, and the available evidence indicates that their 
immunological reactions are identical. 

^fcthodn 

Frogs woro immunised by intrnmusculnr inocnlotioti in tho thigli with a fine 
needle. Serum was taken after tlecapitation, a few c.c. of blood being collected 
drop by drop in a test tube, in four or five minutes, while tho action of the 
heart still persisted. Clotting was slight, but tho corx)uscles sedimented readily 
and a coll-frco scrum was easily obtained. 

It was found possible to produce agglutinins to high litre in suitably chosen 
specimens, but only after repeated inoculation over a period of several nceks. 
Tho final titro depended greatly upon tho si/o and condition of tlio frog and 
end-points were difficult to determine. Tho agglutination reaction progressed 
slowlj' for Severn! day.s at room tomperaturo until sedimentation of the controls 
began to obscure tho result. Accordingly a standard test was ndo])fcd, giving 
final dilutions of 1 : 5, 1:10, 1 : 2.'> anil 1 : 50, tho results being read after 
24 hours at room tcmpornturc. Sinco frogs immunised at 20° C. normally gave 
agglutination at much higher litres than 1 : 50, a strong reaction in Ibo final 
tube was recorded ns 1 : 50-f and taken ns tho full positive figure. Comparison 
of litres in tlio higher ranges was not attempted, because, ns will be seen below, 
it was irrelevant to tho study of tho phenomena under investigation. 

Experimental 

Expt. I. One group of four frogs was Iccpt at 8° C. and another 
at 20° C. ; both groups were immunised on si.x successive daj's ivith 
a killed suspension of Psciidomonas Jliioresceris. Tito dai' after tho 

Table 

Effect of temperature during and after immunisation on the agglutinin litres 
developed by frogs in response to Pe. fluorescens 


IVog no. 

Tempera 

Immunisation 

lure (”C ) 

for 7 nflpr 

IminuuL^aUon 

AgBliitlnln litre 

I 

20 

20 

1 : 50-f 

o 

20 

20 

1 : 50-t- 

3 

20 

8 

1 : .) 

4 

20 

8 

Nil 

5 

8 

8 

Kil 

0 

8 

8 

Xil 

7 

8 

20 

1 : 10 

1 ^ 

8 

20 

1 :25 


last inoculation the two groups ivere subdi\dded into four pairs 
(table). The first pair, which had been immunised at 20° C., remained 
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at that temperature ; the second pair was transferred to 8 C. The 
third remained at 8° ; the fourth was transferred to 20 . After a 
weeh, during wliich the frogs were not immunised further, they were 
killed and their serum was tested against the homologous organism. 

Both frogs in the first pair gave agglutination at 1 : 50+, those in 
the third gave no agglutination. The second pair gave only 1 : 5 for 
one frog and nil for the other, shoving that they had lost their 
agglutinins on transfer from warm to cold, as had been anticipated. 
An unexpected result was obtained with the fourth pair, which gave 
agglutination at 1 ; 10 and 1 : 25, showing that antibodies not apparent 
when the animals were kept at 8°C. had been produced, without 
further immunisation, on their transfer to the higher temperature. 
It appeared possible that this result might have been due to antigen 
remaining in the bodies of the animals, and to examine this possibility 
another experiment was devised. 

Expt. II. Sis frogs were immunised at 8° C., three being given 
two inoculations on alternate days, the other three being given four. 
The day after the last inoculation in each case they were removed to 
20° C. for a further week and then killed. 

The serum of one frog in the first group gave agglutination at 
1 : 5, the other two gave no agglutination in the dilutions tested. 
Those in the second group gave agglutination at 1 : 5, 1 : 5 and 1 : 10. 
If residual antigen had been responsible for the antibodies produced, 
no great difierence between these groups or between them and the 
third pair in the previous experiment would have been expected. 

The foregoing experiments were regarded as preliminary. For 
the succeeding experiments a standard immunisation technique was 
adopted. All the animals were inoculated on six alternate days and 
control groups were tested which provided positive and negative 
points for comparison. The positive control group was composed 
of five frogs immunised at 20° C. and tested 24 hours after the 
completion of the course. Their sera gave agglutination at 1 : 50-f- 
in each ease. The negative control group consisted of three frogs 
immunised at 8° C. This group was tested at dilutions down to 
1 ; 2 and gave no agglutination. 

Expt. m. The appearance of antibodies in frogs immunised at 
8° C., after their transfer to 20° C., was checked on this scale of 
comparison. A group of three frogs was transferred 48 hours after 
the completion of the course and tested after a week at the higher 
temperature. Their serum gave agglutination at 1 : 10, 1 : 25 and 
1 ; 25. In the four examples of this type of experiment, therefore, 
the titre of agglutinins was roughly proportional to the immunisation 
received before transfer, although so long as the animals remained 
in the cold no antibodies were detectable. 

Expt. IV. The loss of antibodies when immrmised animals were 
transferred from warn to cold conditions was further investigated. 
Two groups each of nine frogs were immunised in the manner described 
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Experiments Avore devised to investigate this plicnomenon under 
laboratorj’ conditions. Tlie common frog {llaym imporaria) was 
emploj^ed for serological work because thc.se animals survive handling 
better than fish, and the available evidence indicates that their 
immunological reactions are identical. 


Mftho(h< 

Frogs wore immuni.socl by intrnmiisctilnr inocalntioa in tho thigh with a fine 
needle. Scrum vas taken after decapitation, a few c.c. of blood being collected 
drop by drop in a to.sl tube, in four or five minutes, wJiilo tho action of the 
heart still persisted. Clotting was slight, but tho corpasclca so<liracutccl readily 
and a cell-frco serum was easily obtaineil. 

It was found possible to j)rodueo agglutinins to lu’gh titro in suitably ebosen 
specimens, but only after repeated inoculation o\'or a period of sox'cral weeks. 
Tho final titro depended greatly upon tho si/.o and condition of tho frog and 
ond-points were difficult to dotermino. Tho agglutination reaction progressed 
slowly for .several dny.s at room tomporaturo until sedimentation of the controls 
began to obscure tho result. Accordingly a standard test was adopted, giving 
final dilutions of 1 : 5, I : 10, 1 : 25 and 1 : 50, tho results being read after 
24 hours at room temperature. Since frogs immunised at 20° C. normally gave 
agglutination at niiicli liigbor litres than 1 : .’iO, a strong reaction in the final 
tube was recorded na 1 : 504- and taken ns tho full positive figiire. Comparison 
of titres in tho higher ranges was not attempted, because, ns will bo seen below, 
it was irrelevant to tho studj' of tlio phenomena under inve.stigntion. 

Experimenta] 

Expt. I. One group of four frogs was Iccpt at 8° C. and another 
at 20° C. ; both groups were immunised on six successive days tvith 
a killed suspension of Pseudomonas fiuorcsccns. Tho daj’ after tho 

Table 

Effect of temperature during and after immunisation on the agglutinin titres 
developed bg frogs in response to Ps. fluorcscons 



Temperature {*C.) 


Vtos no. 

during 

for 7 da v5 nOer 

AfiEruUnln (itre 


ImmunKation 

iiiimiiriKation 


1 

20 

20 

1 I 50 -f- 


20 

20 

1 : 504- 


20 

8 

1 :r, 


20 

8 

Kil 


8 

8 

JCil 

6 

8 

8 

Nil 

7 

8 

20 

1 : 10 

8 

8 

20 

1 : 25 


last inoculation the two groups were subdivided into four pairs 
(table). The first pair, which had been immunised at 20° C., remained 
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at that temperature ; the second pair was transferred to 8° C. The 
third remained at 8° ; the fourth was transferred to 20®. After a 
week, during wliich the frogs were not immunised further, they were 
killed and their serum was tested against the homologous organism. 

Both frogs in the first pair gave agglutination at 1 ; 50-}-, those in 
the third gave no agglutination. The second pair gave only I : o for 
one frog and nil for the other, showing that they had lost their 
agglutinins on transfer from warm to cold, as had been anticipated. 
An unexpected result was obtained with the fourth pair, which gave 
agglutination at 1 : 10 and 1 ; 25, showing that antibodies not apparent 
when the animals were kept at 8° C. had been produced, without 
further immunisation, on their transfer to the higher temperature. 
It appeared possible that this result might liave been due to antigen 
remaining in the bodies of the animals, and to examine this possibility 
another experiment was devised. 

Expt. II. Six frogs were immunised at 8® C., three being given 
two inoculations on alternate daj^s, the other three being given four. 
The day after the last inoculation in each case they were removed to 
20® C. for a further week and then killed. 

The serum of one frog in the first group gave agglutination at 
1 ; 5, the other two gave no agglutination in the dilutions tested. 
Those in the second group gave agglutination at 1 : 5, 1 : 5 and 1 : 10. 
K residual antigen had been responsible for the antibodies produced, 
no great difference between these groups or between them and the 
third pair in the previous experiment would have been expected. 

The foregoing experiments were regarded as preliminary. For 
the succeeding experiments a standard immunisation technique was 
adopted. All the animals were inoculated on six alternate days and 
control groups were tested which provided positive and negative 
points for comparison. The positive control group was composed 
of five frogs immunised at 20° C. and tested 24 hours after the 
completion of the course. Their sera gave agglutination at 1 : 504- 
in each case. The negative control group consisted of three frogs 
immunised at 8° C. This group was tested at dilutions down to 
1 : 2 and gave no agglutination. 

Expt. lU. The appearance of antibodies in frogs immunised at 
8° C., after their transfer to 20° C., was checked on this scale of 
comparison. A group of three frogs was transferred 48 hours after 
the completion of the course and tested after a week at the higher 
temperatme. Their serum gave agglutination at 1 : 10, 1 : 25 and 
1 : 25. In the four examples of this type of experiment, therefore, 
the titre of agglutinins was roughly proportional to the immunisation 
received before transfer, although so long as the animals remained 
in the cold no antibodies were detectable. 

Expt. IV. The loss of antibodies when immunised animals were 
riansferred from warm to cold conditions was further investigated. 
Two groups each of nine frogs were immunised in the manner described 
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at 20° C. ; after ininmnipation the first group was transferred to 
8° C. were tlien tested in batclics of three after two, four and 

seven daj’s. Botli tlie first and second batclies produced agglutination 
at 1 ; 25, 1 ; 25 and 1 : 10, the third at 1 : 25, 1 : 10 and 1 : 5. Thus the 
original figure of 1 : 50-}- was greatly reduced after only two days at 
the loAver teniperaturo ; it fell only slowly thereafter. The second 
group of nine was loft at 20° C. and tested in batches of three after 
three, seven and fourteen days. All these frogs gave the full positive 
titre of 1 : 50-}-. 

Expt. V. A group of five frogs was immunised at 20° C. and 
transfen-cd for a week to 8° C., after which they were re-transferred 
to 20° C. for a further period of four dn 3 's, killed and tested. All 
five gave agglutination at 1 : 50-}-. It maj' be assumed that the 
titre of circulating antibodj' in the scrum of this group after a week 
at the lower temperature would not have c.vceeded 1 : 25, and was 
probabl}’^ much less (see c.xpt. lA'), so that these figures indicate an 
immediate restoration of antibody titre on return to 20° C. The 
experiment was repeated with a further grouj) of three frogs and 
identical results obtained. 

Expt. VI. In order to discover whether the antibodies which 
appeared and disappeared in this manner from the scrum of frogs 
could be detected in their tissues, the livers of three frogs immunised 
at 20° C. and giving serum agglutinins at 1 : 50-}-, and of two frogs 
immunised at 8° C. whicli gave no agglutination at 1 ; 2, were ground 
up with sterile sand and suspended in saline. The livers (weight 
approximatclj’^ 0-5 g. each) were suspended in 1 c.c. of saline, which, 
after the sedimentation of the larger particles, gave a dilution of 
roughly 1 : 4. The suspensions were centrifuged for a few minutes 
at low speed, and final dilutions of 1 : 12, 1 : 24 and 1 : 50 were made 
with a suspension of the homologous organism. ICo agglutination 
occurred in 48 hours at room temperature in am-^ of these dilutions, 
and no difference could be detected between the reactions of the 
two groups. 

Discussion 

It appears from these observations that it is possible for cold- 
blooded animals to acquire iramunit 3 ' at low temperatures, although 
it is not manifested until the temperature is raised. Similnrl 3 '’, an 
animal immunised at a high temperature does not exhibit immunit 3 '^ 
as long as the temperature is kept low. Tw'o distinct mechanisms, 
therefore, seem to operate in the process of immunisation. The first 
is the acquisition of the potential for antibod 3 ’- manufacture, the 
second the actual production of antibodies and their appearance in 
the blood. Of the two, the production process is the more affected 
by temperature ; unless this is sufficientl 3 f high production of anti- 
bodies is inliibited, and if these have alroad 3 '’ been produced they 
commence to disappear from the serum. 



TEMPERATURE AND ANTIBODY PRODUCTION 


91 


Thus under natural conditions immunity is presumably raised and 
lowered according to the seasonal changes of temperature and requires 
no prolonged period of immunisation to replace it when lost. Tliis 
hypothesis, taken in conjunction nith the greater natural resistance 
•..wliich such animals exhibit at lower temperatures, goes far to explain 
the contradictory accounts, previously mentioned, of the affect of 
temperature upon actual diseases of both invertebrates and cold- 
blooded vertebrates. If the infecting bacteria are antigenically 
unfamiliar to the animal the initial infection will progress more readily 
at liigh temperatures. If, on the other hand, some degree of equilibrium 
is already established between parasite and host, the increase in 
temperature will upset it, and unless the virulence of the bacteria is 
so greatly enhanced as to enable them to destroy the animal they 
will be eliminated {Bisset, 1946). 

It appears possible that the techniques here initiated may be of 
value in the elucidation of some basic problems of immunology. 


Summary 

1. Progs immunised at 8° C. do not produce serum agglutinins. 
When transferred without further immunisation to 20° C. they 
commence to produce agglutinins. 

2. Progs immunised at 20° C. produce serum agglutinins, often 
to a very high titre. K the frogs are transferred to 8° the titre is 
at once reduced to a very low figure. On their return to 20° it is 
restored. 

3. Experiments suggest that similar phenomena occur in nature 
in fresh-water fish. 

4. Acquisition of the potential for antibody production is thus 
distinct and separable from the production of antibodies and their 
appearance in the circulation. In cold-blooded animals the second 
stage is the more affected by temperature. 

5. It is suggested that the techniques described in this work may 
usefully be employed in the study of more general immxmological 
problems. 

I wish to express my thanks to the Boyal Society for a grant in aid of this 
work. 


Bisset, K. A. 
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A NEW IMYCOBACTERIAL INEECTION IN MAN 

I. CLINICAL ASPECTS 

P. JilACCALIitTM 

n. EXPERIMENTAL INVESTIGATIONS IN LABOHATORY 

ANIMALS 

Jeax C. Tolhitrst and Gebx BtJCKi.E 

III. PATHOLOGY OF THE EXPERIMENTAL LESIONS 

IN THE RAT 

H. A. Sissoxs 

IV. CULTIVATION OP THE NEW MYCOBACTERIUM 

Glen Bvckle and Jean C. Tolhebst 

From the Pathology Departments of the Melbourne University 
and Alfred Hospital, Melbourne 

(Plates XXn-XXIX) 

I. CLINICAL ASPECTS 

P. MacCalltjim 

On examination of microscopic sections of a biopsy specimen (29/6/40) 
from the margin of an ulcer in the skin of the leg of a boy aged 24 years, 
the tissues were found to be teeming with acid-fast bacilli. The 
child was a patient at a private hospital clinic in the country district 
of Bairnsdale in Victoria, and since the case was observed 4 additional 
instances of skin ulceration with similar invasion by acid-fast bacilli 
have been seen m the same clinic. Recently another example in a 
patient in the Colac district, over 200 miles from Bairnsdale, has been 
investigated. It happened that the second Bairnsdale patient was 
admitted to hospital while the first was still under treatment there. The 
clinical characteristics of the ulceration in this case (a girl 16 years of 
age) were so like those of the first as to lead the clinician, in sending a 
biopsy specimen, to call attention to the similarity. This was found 
to extend to the histological picture and the bacteriological findings. 
Very shortly afterwards the third patient (a married woman 51 years 
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of ago) camo to tlie same hospital for treatment of an ulcer and 
again tlie physician’s diagnosis accurately anticipated the biopsy 
report. Tlio tu-o other Bairnsdale patients, a boy of 13 years and 
a single woman of 45, appeared three and five years later at the 
same clinic. 


General considerations 

Clinicall}’ the ulcers were first thought to bo tuberculous, a 
diagnosis wliich the finding of acid-fast bacilli appeared to confirm. 
The organisms were in such abundance (fig. 2) that their presence 
was obvious even with Gram-staining, which first revealed them ns 
diphtheroid forms in liistological sections. Tlie abundance and 
grouping of the bacilli and the absence of the common liistological 
pattern of tubercle, liowover, cast .some doubt on this diagnosis from 
the beginning. The report on the first biopsy specimen drew attention 
to the absence of this cellular reaction and to the distribution of the 
bacteria in large numbers in iihagocj'tcs, recalling that of the Myco- 
bacterium leprcc sometimes seen in skin leprosy. 

Slaterial from the first tliree cases was examined bacteriological!}' 
in Professor H. A. Woodruff’s laboratory with special attention 
because of the histological appearances. When it was found that the 
organisms, in spite of their abundance in the tissues and exudate, 
failed to grow on any of the media commonly used for cultivation 
of the tubercle bacillus, and that glandular or other lesions did not 
result from guinea-pig inoculation, the suspicion that the organism 
was unusual and causally related to the ulcers was strengthened. 

Clinical and other local inquiries failed to give any support to 
leprosy as a possible diagnosis, but the e\idonco so obtained was 
almost equally strong against a too-ready assumption that the 
condition was tuberculous. Though on clinical grounds the lesions 
gave no support to the idea that the organism was Mycobacterium 
leprcc, careful inquiry was made into tin's possibility and Dr R. G. 
Cochrane of the Lady Willingdon Leprosy Sanatorium, Cliingleput, 
South India, was in no doubt, from his examination of one of the 
cases (S. F.), that tliis diagnosis could bo e.xcluded. Brigadier 
N. H. Fairley of the London School of Tropical Medicine gave a like 
opinion in the fourth case (R. T.). 

The Bairnsdale district is a mixed farming one. Inquiry about a 
possible animal reservoir gave no immediate load to further investiga- 
tion along this line. Rats are common in the district, but none of the 
periodic rat or mouse “ plagues ” had occurred recently nor had any 
epidemic disease been noted in rats. The patients lived in good 
home conditions at widely separated points, five of them in or 
around the town of Bairnsdale, and were strangers to one another. 
The sixth patient was from Colac, also a dairying district, over 
200 miles away. The range of age and occupation provided no 
evidence of common factors of contact nor ready pointers to a 
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common source of tlie inoculum which the liistories of superficial 
abrasions suggested. No seasonal association was traceable in the 
histories. Some investigation of soil is being made. 

With the possible exception of the first case, where the " bronchi- 
ectasis ” of the mother, in spite of negative sputum examinations, 
might have been tuberculous, none of the information obtained fi:om 
the personal or family histories or the X-ray and other examinations 
of any of the cases was at all suggestive of tuberculosis. 

When the condition was diagnosed in the third patient (Mrs S. F.), 
it was arranged that she should be transferred to a city hospital for 
further investigation and the same arrangement was made when the 
fourth case (R. T.) appeared three years later. Tolhurst and Buckle 
took up the further bacteriological investigation of these two cases 
and of the sixth case. No success attended any of their attempts to 
cultivate the acid-fast organism directly firom the tissues of the first 
four patients. Growth in the first instance was obtained only after 
passage through rats, but, as the result of experience gained with 
organisms so established, direct cultivation from the ulcer was 
successful in the sixth patient. 


Cas& hisfories 

The lesions in these six cases were solitary and the ulcers initially small 
and single, though further breaches of surface in the immediate neighbourhood 
occurred in some as the lesion developed. In the first fom the sit© of ulceration 
was between knee and ankle and in the last two on the forearm, one of them 
near the wrist. The beginnings of the ulcer were ascribed by the patients to 
trivial breaches of the surface fi:om various causes^ — friction of a rubber boot, 
slight abrasion from a fall on a stair, an insect bite — or no initiating cause 
was assigned. 

Cane 1. J. E., a male aged years, following an abrasion on the lower 
anterior surface of the left leg, which at first appeared to be healing quickly, 
developed after a few days a small slough of match-head size in the middle of 
an indurated inflamed area (“ cellulitis ”) extending over some two-thirds of 
the outer half of the leg above the abrasion. This, after fomentation and 
incision for suspected pus, became an ulcer with irregular undermined edges. 
No pus was found. On incision the fat felt like scirrhous carcinomatous tissue 
under the knife. Abundant acid-fast bacilli were foimd in biopsy sections and 
Frotem vulgaris and scanty streptococci were grown. In a period of six months 
this ulcer denuded the Ihnb laterally of skin and subcutaneous tissue down 
to the muscle over more than half the leg surface. It had a sloughing base and 
a hard, sharply cut, irregular edge and became foul smelling. For the first two 
months the child remained remarkably well and no temperature rise was 
recorded. The condition was thought to be tuberculous notwithstanding the 
anomalous biopsy findings, both at a country hospital and at the city hospital 
for children to which he was transferred in the fifth month. The child’s 
condition deteriorated before transfer, despite general and a variety of local 
measures, and he ran a temperature of 99-101° E. while in the city hospital. 
Examination of two inguinal lymph ^ands gave no evidence of tuberoifiosis'. 
A fortnight after admission, while undergoing heliotherapy, he died within 
24 hours of the onset of an acute abdominal condition which post-mortem 
examination did not explain. 
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There lincl been no knowTi contact witli n tuberculous subject, but the 
mother, wlio died of pneumonia and meningitis said to bo pneumococcal, liad 
been treated for broncliicctasis for j’cnrs. Kepeatcd examinations of the 
motlier for tuberculosis wore negative, ivliilo X-ray oxaminatioas of the cliild’s 
chest showed no lesion. Xegntivo at tn'o tnoiitlis, tho leg, after 5 months showed 
some periosteal reaction in both bones. Mnntoux test : 1 : 10,000 negative, 
1 ; 1000 positive. Tuberculin patch tost positive. 

Caeo 2. B. S., a domestic servant aged 10, single, had a iiersisting scab on 
a slight abrasion of tlio upj)er part of tlio right shin from a fall on a stair. Five 
montlis later she reported with a pin-liead liolo di.soharging yellow pus. While 
under treatment with olastoplast, inflammation extended domi Die shin. Three 
montlis later incision reloa.sed much pus and, after “ glove ” drainage, a largo 
slough separated, leaving a sharp-margined ulcer M-illi undermined edges and 
a “wash-leather” ba.sc. Biopsy section showed abundant acid-fast bacilli 
and a gross mixed infection. Six weeks later an area 0x4 inches including tho 
undermined margin was excised, diatliermy applied to tho cut edges and a track 
cut round tho ulcer about half-an-incli boyond its margin. Two further ulcers 
about one inch in diameter developed from infiltrations appearing beyond tho 
ulcer margin above tlio external malleolus. Two similar infiltrations nearby 
did not break don-n. The lesion cca.sod to extend, pinch skin grafts were applied 
when tho area looked clean, and four months later the patient was di.scharged 
with tho surface healed. Tho total duration was IS months. X-ray c.xamination 
of tho chest showed no lesions. Xo tuberculosis contacts were traced Tlio 
Wassermnnn test was negative. 

Cneo 3. S. F., a farmer’s wife aged /il, A flat, slightly irritable reddisli 
area tho size of a small pea on tho lower third of tho loft shin bccamo after 
two weeks a small pin-head soro, which sho treated with ointment and bandaged. 
Botween four and five months later sho saw a doctor, and after si.x wcok.s of 
elastoplast treatment the ulcer had become about otio inch in diameter. It had 
a deep sloughing base, with rai.sed and indurated edges, and it was surrounded 
by inflamed skin. At six month.s sho was transferred to a city ho.spifal with 
a reddish indurated area 4 inches in diameter enclosing two ulcers separated 
by a bridge of skin. Sections showed abundant acid-fast bacilli in tho tissues 
and Staphylococcus aureus and an unidentified diphtheroid wore grown from 
the discharge. After throe months’ treatment, during which tho ulceration 
fluctuated but responded slowly to elastic sponge pros,suro dressing, tho patient 
was retiuned to tho country lio.spital with tho ulcer healing. Continuation of 
this treatment led to comploto lioaling in two months. Tho total duration was 
17 months. X-ray e.xamination of tho lungs and tibia showed no lesions. 
Mantou.x tests were positive (human and bovino), reaction to “ Johnin ” 
doubtful. Tho Wasserraann was nogativo. 

Case 4. R. T., a male aged 13. A small, non. tender lump on tho upper 
part of tho loft shin, definitely stated to have followed an insect bite, broke 
down and formed a scab after two or three days. A small deep hole treated 
at home for about six weeks showed, on reporting to ho.spitnl, a reddish edge, a 
surrounding bluish indurated area and a slight yellow discharge. Incision, with 
later excision of the edges (fig. 2), was followed by extension of tho ulcer. Transfer 
to a city hospital followed, but despite general measures, splinting and a variety 
of dressings and local treatments, tho inflammation , extended up and dorni 
the leg. Pseudomonas pyocyanea. Staphylococcus aureus and Streptococcus 
viridans were grown from the woiuid. Incision of nu indurated area extending 
almost from knee to nnlde released much pus, but progress was not arrested 
until, after the separation of sloughs, ulceration had involved two-fifths of tho 
leg sm-face and exposed the tendo achilles. Tho patient was well till tho infection 
spread, when, for a few days, temperatures ns high ns 102° were recorded. 
Acid-fast bacilli were still numerous in smears from tho ulcer when the patient 
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elected to return to hospital at Baimsdale. Hero, after further treatment and 
skin-grafting, Iiealing was complete after a further 7 months. The total 
duration was 15-16 months. There was no Icnown contact with tuberculosis. 
X-ray examination of the chest showed no lesions. The Wassermann test was 

negative. . . ,, 

Case 5. Miss C., aged 45, engaged in household duties, noticed a small, 

slightly irritable, whitish-centred, raised subcutaneous induration “ like a 
bull-ant bite or little blind boil ’’ on the anterior inner surface of the left fore- 
arm just above the wrist. The indurated area slowly reached a diameter of about 
1 inch before the centre broke down, and about 6 weeks from the first observa- 
tion the patient sought treatment for an ulcer about li inches in diameter 
with undermined edges. Diagnosis was made on cluneal appearance ( like an 
ulcerated epithelioma ”) and on the presence of abundant acid-fast baciUi in 
smear preparations. Biopsy was not done. At Baimsdale, an attempt at 
culture on Dorset’s egg medium gave an apparent growth which was probably 
due to the abundance of acid-fast baciUi in the inoculum, as subculture did not 
succeed. Cultures of Proteus were obtained. Treatment was ineffective before 
excision and sldn-grafting. The “ pinch " grafts were in no wise hindered in 
their rate of growth by the presence of the acid-fast baciUi, which persisted in 
smears from the surface between the grafts almost up to the stage of their 
coalescence. 

Case 6. K. R., aged 26, a male dairy-farm worker. A slightly irritable, 
angry-looking but painless ulcer near the middle of the outer surface of the left 
forearm began as a small pimple. This during three weeks developed a purplish 
centre which gave place to a central yellow slough half-an-inch in diameter, 
surrounded by inflamed cedematous skin fuUy 2 inches across. The adherent, 
“ dry chamois-Ieather-like ” area of slough more than doubled in a week and 
induration was present almost from wrist to elbow (fig, 1), Despite sulpha- 
diazine and penicillin and after some apparent initial improvement, the tilcer 
extended. Incision released pus. Abimdant acid-fast bacilli and staphylococci 
were seen in smears and Staphylococcus aureus was grown. The area was excised 
and skin-grafting operations were successful at the third attempt. The total 
duration was 4 months. No disturbance of temperature while in hospital, save 
immediately following operation (99° F.). Polymorphonuclear leucocytosis up 
to 19,400. No regional lymph-node enlargement or tenderness. Wassermann 
and Kahn tests negative. No evidence of tuberculosis in family history 
or from chest X-ray. No skin trouble during war service in Pacific 
Islands. 

The four adult Baimsdale patients, when examined in April 1947, had all 
maintained good health ; there had been no breakdown nor recurrence of the 
infection at the site of the healed lesions and no evidence of the appearance 
of similar infection elsewhere. In the case of jVIrs S. F., the only patient whose 
lesion healed without skin-grafting, the skin at the site had some brownish 
discolouration and was slightly scaly. The area was depressed and there had 
been no regeneration of subcutaneous fat. The skin however was flexible and 
the amount of scarring negligible. 

Gross characters of ike ulceration 

The ulcers were thus characterised by indolent extension firom the 
centre of a small breach in a solitary area of inconspicuous, slightly 
irritable induration ; by intractability to treatment ; by pyogenic 
reaction and cedema and often by acceleration and aggravation of the 
condition by the therapeutic measures taken; by sloughing and 
denudation of large areas with Httle or no disturbance of health in the 
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absence of complications. Spread was by extension (often eccentric) 
of marginal induration, with breakdown resulting in steep-sided or 
oven undercut edges of scalloped outline exposing necrotic-looldng 
tissue on floor and ivalls. OccasioniiUy the subcutaneous spread 
resulted in nodules of infiltration and even areas of ulceration beyond 
the margin of the main lesion. Apparent healing at one part of the 
margin might accompany focal necrosis witli congestion at another. 
Loss of resistance to probing was a better gauge of the progrc.«s of 
destruction than surface inspection. A striking feature after the 
separation of the slouglis and ns the ulcer extended was the develop- 
ment from the exposed fascia of an abundant gelatinous mass “ like 
blubberj’ granulation tissue ”, which could be readily ufped off m*th 
gauze. Its histological characters were not determined. 


Ilisiology 

Except in the fifth ease, wlicre the diagnosis was made on the 
clinical findings together with the demonstration of abundant acid- 
fast bacilli in a smear of material from the base of the ulcer, histo- 
logical examination of tissue e.xciscd from the margins or ba.^c of the 
ulcers was made on several occasions. Certain fcattircs were common 
to all. The tissue lining the ulcer wall and floor was necrotic, necrosis 
being most extensive in the fatty tissue, in which it extended beneath 
the dermis for varied distances. The obscuring of the outlines of 
the affected fat colls resulted in a smeary appearance of the ti.ssue. 
Fascia removed from an ulcer base in one case (B.S.) was not affected 
to the same extent, but was swollen and showed some infiltration 
with leucoc^'tes. In and about these areas tenaciously acid-fast 
bacilli Avere found in enormous numbers, in every instance grouped 
characteristicaUj' in sharply defined oval or rounded masses often 
as great in diameter as fat cells, as Avell as in smaller groups and 
scattered units. 

The appearances Averc suggestiA-c of enclosure of the bacteria in 
distended phagocji:es, though nuclei often could not bo seen. Tlie 
bacilli AA'ere also found in smaller numbers, both free and in phago- 
C3d;es, in the oedematous connective tissue about the blood A^essels in 
the surrounding fat, in the OA'erljdng dermis and about liair follicles 
and sweat glands. 

The blood-vascular engorgement, oedema and poljunorph emigration 
about the necrotic focus A'aried from specimen to specimen but 
appeared to be correlated AAdth the degree of pjmgenic infection. In 
the indolent phase the cellular accumulation aa'us mainlj' of macro- 
phages, together Avith scattered lymphocj’tes and plasma cells. Polj’'- 
morphonuclear Ieucoc3des Avere scanty except near the ulcer surface, 
where it was usually possible to demonstrate bacteria. In other stages 
of the disease more active inflammation of p5mgenie t3^o AA-as seen, 
where vascular engorgement and oedema AA-ere marked, potymorphs 
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were iramerous and in some cases ij-pical granulation tissue had 
developed, particularly near the ulcer margin. La some cases a few 
Gram-positive organisms could be demonstrated in the surface zone ; 
in others a gross mixed infection with staphjdococci, streptococci, 
Gram-negative bacilli and Gram-positive square-ended bacilli was 
present. 

No sign of tubercle follicles, giant cells, endothelioid grouping or 
caseation was seen in any of the sections examined. Though the 
filling of the phagocytes in the subcutaneous tissue with acid-fast 
bacilli recalled the macrophage reaction seen in this situation in 
leprosy, there is of course nothing in this phenomenon diagnostic of 
that disease, and such appearances are common enough in certain 
circumstances in tuberculous infections. No involvement of nerve 
trunks was observed. 

Discussion 

Though the evidence of the causal relationship of the myco- 
bacterium to the ulceration in the human being is incomplete in that 
no attempt has been made to reproduce the lesion in man by inocula- 
tion, the direct evidence is very strong. The mycobacterium is 
constantly present in lesions of closely similar clinical behaviour in a 
series of patients. It is the only organism invariably present. 
Quantitatively its distribution in the lesions is directly related to 
the focal damage. The tissue response, particularly of the phago- 
cytes, to the multiplication of the organisms is one characteristic of 
mycobacterial infections in certain circumstances. 

The further mvestigations described in the following sections of 
this paper also lend strong support to the suggestion of causal relation- 
ship, and (apart fi:om clinical objections) render improbable the 
alternative hypothesis that the lesions is a form of symbiotic gangrene 
and the acid-fast bacillus a contaminant without setiological signifi- 
cance or at most a participant in a symbiotic association. The other 
flora found when ulceration had occurred, varied. To these can be 
ascribed the more acute pyogenic inflammatory process, with gross 
subcutaneous oedema, extending fi-om the ulcer margin in the course 
of treatment and accompanied by systemic febrile reactions. This 
infection no doubt plays a part in determining the extent of tissue 
destruction. 

The diflficidty of cultivation of the present organism and its 
behaviour towards laboratory animals raises the question of its 
relationship to other mycobacteria, especially those of leprosy and 
tuberculosis. The only lesion in a human being recorded as due to 
rat leprosy is that of Marchoux (1923). The description does not 
correspond in any respect to the cases here recorded and the response 
of his rats to inoculation was different from that observed by us. 
Of more direct interest are the observations of Cflento (1942), who 
in his discussion of leprosy in Australia states, “ during the comse of 
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the last foT^' years there liave been several patients referred for 
examination from the Rockhampton area v’ho have shown a single 
tiny nicer without anajsthesia. From the depths of these ulcers 
organisms indistinguishable from Mycohackriwn leprcc have been 
obtained. Cultivation experimentally has excluded tubercle bacilli 
in these cases. (A tentative diagnosis of Bazin’s di.scase had boon 
made though this was only a doubtful possibility) ”. 

An acid-fast soil contaminant was clinically improbable and 
syphilis could be excluded. Since leprosy is endemic “ to a small 
extent among white persons and others ” in Queensland, Cilento 
discu.sscd the possibility of the ulcere being a local variant in biological 
response to the Mycobacterium Icprm and cited BjTie’s observations 
on vitamin-A lack and acute leprous ulcere in Jlalaj’a and leprous 
alopecia in Japan and China. He points out that “ no such single 
ulcer manifestation as a solo sign of Icpros^^ Ims been recorded, so 
far as is known, anj’whcre in the world, so that the probabilities arc 
against these cases being leprous Ho quotes the enquirj' of the 
International Journal of Leprosy into the admittedly short-term 
results of removal of isolated nodules by Wayson and others in 
cases of leprosy without demonstrable S3’stcmic involvement, and 
records the apparent success of nide excision in the treatment of 
one of the Rockhampton ulcers. He thinks the indolence and 
intractability of the ulcers, if leprous, can possibl}' be ascribed to 
a high ratio of resistance e.xisting in the white population as a result 
of excellent linng conditions. Though discussing them as possibly 
duo to lepros}’, ho concludes that for the present these lesions are 
undiagnosed. 

The Queensland storj^ of finding in the dejjths of ulcers described 
as tiny, single, without anmsthesia and clinicallj' indolent and in- 
tractable, of acid-fast bacilli not identifiable culturall}’ or c.xpcriment- 
alty as tubercle bacilli is so similar to the Victorian one as to provoke 
some expectation of identity in the causal agent. 

Wliilo leprosy is not Icnown to assume this ulcerative form, there 
are clinical manifestations of tuberculosis wliicli are virtuall}’’ indistin- 
guishable clinically from those met with in these patients. In searching 
for records of similar cases, an instance of such intractable idceration 
following an abrasion bj’’ a garden stake of the left leg of a girl of 

years was found. There was extensive loss of skin and amputation 
was considered. The only difference in the clinical lu'storj’’ was the 
appearance later of other ulcers on the right leg and left forearm. 
The ulcers swarmed with acid-fast organisms wliich proved to bo 
tubercle bacilli. Ultimate^ healing followed excisions and skin- 
grafting. In the Bairnsdale cases no other similar lesions or nodular 
infiltrations had appeared in any of the patients while under treat- 
ment, nor in any of the four surviving patients has there been anj’’ 
sign of recurrence, locally or elsewhere. 

The very success wliich eventually attended the attempts to 
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cultivate the present organism would appear to confirm the clinical 
exclusion of lepros 3 '. While the clinical distinction from tuberculosis 
is not so clear-cut, the failure attending the usual laboratory procedures 
for its demonstration excludes this diagnosis also, and the close 
clinical similarity to certain cases of tuberculous infection of the skin 
in man is in striking contrast -n-ith the observations of Tolhurst and 
Buckle on the behaviour of the Baimsdale organism in animals. 
Their investigations on the peculiarities of the pathogenicity of the 
new Mycobacterium for animals and on the conditions for its optnnal 
growth, particularly those of temperature and moisture, exclude 
MycobcLctBriuTfi tub&rculosis and any hypothesis that such modification 
of characters can come within the range of meaning of the term 
attenuation. 

The investigations described in later sections of this communication 
provide us with valuable new means of comparative examination of 
the mycobacterial group. A mycobacterial infection cannot be 
dismissed as setiologicaUy umimportant on the ground of failure of 
cultivation in ordinary laboratory conditions or of the guinea-pig 
test. Moreover the presence of “ diphtheroid bacilli ” in a section 
of tissue should always suggest the advisabfiity of making a Ziehl- 
Neelsen preparation. It is also insufficient to assume a tuberculous 
infection from the presence of acid-fast bacilli, or, in an area of 
endemic leprosy, to make a diagnosis of leprosy without further 
differential investigation on the lines now indicated. 

Rich (1944) points out that the tubercle bacillus introduced into 
a normal non-sensitised person will show the phenomenon of multiplica- 
tion within macrophages with little or no destruction of tissue and 
with no general constitutional disturbance. After a period of some 
weeks, with the development of sensitivity, both phagocytic and 
constitutional complacency disappear, and the intra- and extra- 
cellular response changes. On the basis of a common type and range 
of reaction to the pathogenic mycobacteria in man and animals, the 
tissue response seen in these patients is in keeping with the hypothesis 
of a first experience with a new mycobacterial infecting agent in which 
the development of secondary reactivity of the sensitisation type is 
very slow to develop. Indeed we have no good evidence in these 
cases that it does develop, though recent success with the cultivation 
of the organism, particularly on fluid media, may make some test of 
this possible. Clinically it is masked by the complication of other 
types of infection. The demonstration of properties in common with 
tuberculous infection may yet lend interest to the finding of a positive 
Mantoux reaction in the child of 2h years. Unfortimately there is no 
record of a negative stage in this patient. On this hypothesis also it 
is less probable that the skin mfection has an endogenous source ; 
the histories and the occurrence of the ulcers on exposed parts suggest 
moculation rather than localisation by trauma. The source of the 
infection remains unexplained. 

T*ATtl. BACT.— VOU LX 
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Some points of interest emerge from tlie slorj' of llie trentment of 
these cases. One is that fomentation, such applications as clastoplast 
and most active measures result in aggravation of tlio condition. Of 
tlic dressings and lotions applied, the simplest vere the least dis- 
turbing — c.g. saline. The only cffcctivo measures vero U'ide e.vcision, 
followed, when vigorous granulations were present, b}' skin-grafting 
and centripetal elastic sponge pre.ssurc and simple lotions applied 
with judgment in accordance Avith the principle advocated by 
Mr r. A. Maclure in the treatment of leg ulcers, namely that of 
appro.vimating as nearly ns po.<isib!c to the conditions of clastic 
resilience normal for fluid e.vchange in (he subcutaneous tissue. It 
is perhaps significant that skin-grafting implies the application of 
similar pressure. It is also of interest that, after the development 
of A-igorous granulations, tlio presence of numerous mj’cobacleria in 
the surface exudate in no Avay hinders the success of skin-grafting, an 
obseiwation in keeping Anth the general o.xpcricncc of plastic surgeons 
in relation to other bacteria, Avhich in such circumstances cease to be 
effectiA’cl^' pathogenic. 


II. EXPERIMENTAL INVESTIGATIONS IN 
LABORATORY ANIMALS 

Jean* C. ToLinrnsT and Geek Buckle 

In April 1941 the third patient in this series, Mrs S. F., was 
admitted to the^ Alfred Hospital. The discharge from her ulcer AA-as 
purulent but not copious, and smears rcA-ealed many acid-fast bacilli 
re-sembling tubercle bacilli except that they occurred in masses or 
bundles as aa’cII as singl 3 % Staphjlococciis anrats and diphtheroid 
bacilli were also present in smears and in routine aerobic and 
anaerobic cultures. 

Saline washings of the pus AA’cro treated A'ariously with sulphuric 
acid, sodium hydroxide or gentian violet to destro}" the pyogenic 
organisms and cultures were made on blood agar, Potragnaui’s medium 
and TAVort’s medium ; these jdelded no groAvth of acid-fast bacilli, 
although some tubes aa-cco kept for oA’cr a year. 

A guinea-pig injected subcutaneously AAdth ground-up tissue and 
pus, untreated, did not dcAmlop tuberculosis, and no CAddenco of 
avian tuberculosis was discovered in mice inoculated subcutaneously. 
A rat so inoculated died after 13 montlis, and at the site of injection 
in the inguinal region a lump the size of a small pea AA’-as found to 
contain acid-fast bacilli ; no other lesions Avere found. An attempt 
to produce infection in another rat bj’- subcutaneous inoculation AAdth 
this material failed. A rat inoculated intraporitoneally AAuth pus 
from the patient’s ulcer died after 4 months ; the onl}^ apparent 
abnormality was in the lungs, smears from wliich shoAA'ed manj’- 
kinds of bacteria, including acid-fast bacilli ; no sections Avere made. 
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A saline extract of lung tissue was injected intraporitoneally into 
another rat, which after 9 months became visibly distended and was 
Idiled. About 50 ml. of fluid were recovered, loaded rvith acid-fast 
bacilli. This was wholly unexpected. Wo could find no record in 
the literature of a similar observation. Moreover the material used 
to inoculate tliis rat was rat-lung tissue obvdously infected vith a 
variety of bacteria, and although we had frequently seen similar 
lesions in old rats we had never before examined them for acid-fast 
bacilli. It was therefore uncertain whether the acid-fast bacilius 
associated with the ascites was really from the patient S.F. or merely 
an extraneous invader. It was decided to inoculate another rat 
intraperitoneally with the ascitic fluid. This rat developed ascites 
wit hin 4 months and the fluid was injected intraperitoneally into a 
fourth rat. Meanwhile attempts to cultivate the bacillus from the 
fluid had failed. The fourth rat was observed for several months and 
then forgotten : 16 months from the time of inoculation it was found 
that the limbs were swollen, oedematous and ulcerated, and that the 
tail had sloughed off (fig. 3). The ulcers were crowded with acid-fast 
bacUh and it was evident that we were dealing with an organism 
capable of producing ulceration of the skin, and possibly originating 
from the human ulcer. From this ulcerated rat a series of passage 
inoculations has maintained the acid-fast organism for nearly four 
years. 

In March 1944 the fourth patient, R.T., was admitted to the 
Alfred Hospital. Smears from his ulcer contained many acid-fast 
baciUi, and Gram-positive cocci and Gram-negative bacilli which were 
identified in culture as Staph, aureus. Strep, viridans and Ps. pyocyanea. 
Saline suspensions of the purulent discharge were treated with sulphuric 
acid and used to inoculate a great variety of media, but although the 
cultures were kept for many months no growth was observed. A 
guinea-pig inoculated with untreated pus showed no evidence of 
tuberculosis when killed 6 weeks later. Untreated pus was injected 
intraperitoneally into male white rats which, after a period of 3-7 
months, developed ascites, the fluid being loaded with acid-fast baciUi, 

These observations and the similarity of the lesions in the patients 
made us confident that we had two strains of the same bacillus, and 
as both strains were now growing m rats, we were able to make a 
detailed comparison. The similarity of the lesions in animals and of 
the morphological and cultural characters of the strains has since 
confirmed our opinion that they are the same species. The strain 
R.T. has been maintained for over 3 years by a series of passage 
inoculations in rats. 


Pathogenicity 

In view of the great interest of the initial observations, the patho- 
genicity of the bacillus was more thoroughly investigated. This 
report relates particularly to the study of 76 white rats, 16 white 
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mice, 12 guinea-pigs, 2 rabbits, 1 fowl and 3 lizards. All these 
species were inoculated with strain K.T., while strain S.F. was studied 
in rats, mice and guinea-pigs only. The recently found strain K.R. 
(case G, Colac) was inoculated into n few rats, mice and guinea-pigs. 


Rats 

Intrapcritoncal inoculation in male rats, intraperitoneal inoculation 
of 52 male rats witli either pus from the patient’s ulcer (strains R.T. 
and K.R.) or fluid from anotlier rat (strains S.F. and Il.T.) led to ascites 
in 49, the remaining animals being killed early, before ascites had 
developed. The first sign of disease was swelling of the scrotum 
with apparent fixation of the testes in the scrotum, which occurred 
at any time from 2 to 9 months, though usi}ally after 4 or 5 months 
(fig. 4). The rate of swelling of tho abdomen varied grcatl}’, so that 
the animal might be enormously distended 2 weeks after swelling of 
tho scrotum was first observed, or it might swell gradually over a 
period of 3 months (fig. 5). Gross subcutaneous oedema of the body 
wall was unusual. Sometimes tho animals died without nnj* outward 
signs of disease other than a swollen scrotum and abdomen ; frequently 
they were killed at this stage to obtain fresh uncontaminated material 
for cultural or animal experiments. In rats with ascites which 
sur\rivcd this stage of tho disease, ulceration of tho scrotum occurred 
sooner or later, commencing ns n small red area which rapidly developed 
a hard black crust. Subsccpicntly, perforation of tho scrotal wall 
occurred, with escape of tho fluid. Some rats were observed biting 
tho ulcer. In some cases ulceration was so extensive ns to expose 
the testes. Healing of tho ulcer now proceeded. After a month or 
two oedema of the tail or feet and rarely of tho face was observed 
and was followed by ulceration (fig. 0). Tlie duration of tho disease 
from the time of inoculation until death was about 12 months. 
During the last weeks of life tho animals appeared sici: and miserable, 
but it was observed that before tliis, in spite of linving suffered from 
cutaneous oedema and ulceration for many months, they usually 
remained in good general condition with bright ej^es and licalthy 
coats. Alopecia was looked for, and in some animals thinning of the 
hair was seen, but it was not different fi-om that observed in a control 
group of rats kept under the same conditions. In a few rats complete 
hairlessness was observed in small area^ adjacent to ulcers, as on the 
back near the root of tho tail. 

In rats with ascites the volume of fluid varied from 0-5 to 200 ml. ; 
it was yellow and turbid and clotted roadiI 3 ^ It contained many 
inflammatory cells, chiefly large mononuclear phagoc^dic cells, manj’’ 
of which contained acid-fast bacilli varying from one or two to a 
mass of hundreds filling a cell (figs. 9 and 10). Tho epidid 3 'mis 
commonly showed at one or both ends conspicuous white lesions 
0'5-5 mm. in diameter and whitish lesions wore also present on 
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Fig. 1. — Ulcer on the forearm of case 6 (K.R.) photographed the day before excision. 



Fig. 2. — ^Low-power view of section of skin from case 4 (R.T.). The two large dark 
irregular masses are collections of acid-fast baciUi. Ziehl-Neelsen and hsema- 
toxylm. X 160. 



Fig. 3.— Rear \-iew of rat showing oedematous ulcerated hind limbs and ulcer at site 
of lost tail : 16 months after intraperitoneal inoculation. 




-Rat with swollen scrotum and abdomen about 6 months after 
intraperitoneal inoculation. 
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Fig. 6. — ^Jlale rat showing cedema and ulceration of tail and limbs 13 months after 
intraperitoneal inoculation. (The third rat in a series originating with the intra- 
peritoneal injection of a fifth-generation culture of strain R.T.) 



Fig. 7. — Male mouse showing gross cedema of the subcutaneous tissues 4 months 
after intraperitoneal inoculation. 



Fig. 8. Colonies of strain K.R. on Petragnani’s medium : primarj- culture 
9 weeks old. x 1 -3. 
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Fio, !l. — Smear of peritoneal 
fliiitl of male rat showing 
small clumps of bacilli 
within n cell. Zielil- 
Xcolscn and methylene 
blue. X 12.10. 


Fio. 10. — Smear of peritoneal ■ 
fluid of male rat shoiring two | 
large clumps of baciUi within j 
a cell. Ziehl-Neelsen and 
methylene hlue. X 1250. \ 



- V 



Fig. 11. — Smear of culture of 
strain S.F, on Petragnani’s 
medium, Ziehl - Xeelsen and 
methylene blue, x 1250, 
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adjacent parts of the peritoneal surface of the scrotum. Both 
epididjunal and scrotal lesions contained acid-fast bacilli in largo 
masses. There -were often patches of -white fibrinous deposit on the 
surface of the peritoneal organs and minute grain-like lesions -were 
occasionally seen in the omentum. Bost-mortem examination of rats 
in -which the scrotal -wall had been ulcerated and perforated sho-wed 
no macroscopic peritoneal lesions. The scrotal ulcer had often healed, 
lea-dng a scar. 

In the thorax a small amount of yellow fluid was sometimes 
found, and this contained cells but usually no organisms. When 
subcutaneous oedema was present the fluid in the tissues was usually 
clear and colourless and contained only very occasional cells and 
bacilli. The ulcers of the oedematous tail or feet varied in depth and 
contained on the surface pyogenic bacteria as well as acid-fast bacilli. 
In the lungs no lesions associated -with acid-fast bacUli were encoun- 
tered and microscopical examination revealed a few isolated bacilli 
on one occasion only. Hence the initial observation of acid-fast bacilli 
in the lungs of the first rat inoculated intraperitoneaUy was unusual. 

Intraperitoneal inoculalion an female rata. Ten female rats -were mocnlated 
fay the intraperitoneal route. Swelling of the afadomen was never observed, 
but oedema of the limbs or tail occurred in three rats and was accompanied 
by ulceration in two of them. The lesions, which became evident after about 
7 months, were similar to those seen in male rats. 

Intracerebral inoculation. One female rat was injected intracerebrally. 
IVhen killed after 8 months it presented typical ulcerated lesions of the tail 
and left hind foot, while the tissues of the snout were oedematous. 

Subcutaneous inoculation. This was carried out in 13 rats. Five developed 
an ulcer at the site of inoculation, one after 7 months, two after 10 months, one 
after 14 months and one after 20 months. A sixth which died after 13 months 
had a small lump at the site of inoculation. In the other seven the inoculum 
was apparently absorbed, for no lesions developed although two rats survived 
for nearly 12 months, one for 14 months and one for 20 months. Possibly the 
location of the subcutaneous injection influences the development of a lesion. 
Apart from local ulcers no macroscopic lesions were found post mortem. 

Control rats. Four rats inoculated with autoclaved butter-fat were main- 
tained as controls in tins kept adjacent to the experimental rats. One was 
killed after 4 months and one after 20 months ; one died after 18 months and 
another after 22 months. No evidence of infection with the acid-fast bacillus 
was found in any of them. 

Six months after inoculation, one experimental rat gave birth to three 
young. At this time the mother had no obvious lesions, although two months 
later she developed oedema of the tail, which subsequently ulcerated. The 
young rats were removed from the parent a few weeks after birth and two of 
them were kept for over a year -without any sign of infection. 

Mice 

In five mice an infection with acid-fast bacilli was established by 
the inoculation of pus from the -ulcer of R.T., and fire others were 
infected with fluid from other mice or rats. These ten mice were 
males, eight of which were inoculated intraperitoneaUy and two 
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subcutaneousl3^ In all, tlio courao of the disease and tlio post-mortem 
findings were similar. 

TJxrco to six monflis after inoculnfion, swellinR of tlio subcutaneous ti'-suea 
and abdomen commenced. AVIicrexis in rats gross cedema of tlio subcutaneous 
tissues of tlio body ivns rare, in mico it was common and marked. Tiio oedomn 
involved tlio subcutaneous li'-sucs of tbo svjiolo body and licad so that iJio 
animals ivcro two or tliroo times tbeir normal size and presented a curious 
appenranco (fig. 7), nltbougb until just before death tliej- were bright and 
livelj'. These mico xisually died in -l-C months, tbo period between the first 
sign of swelling and death ranging from 10 to -lO days. One mouse developed a 
swollen ulcerated liind limb and an ulcer of the scrotum, another an ulcer of the 
scrotum. A small area of complete alopecia was observed on the body around 
the base of the tail in two other animals. 

The subcutaneous tissues of the body were usually distended with clear 
colourless fluid and as much as 8 ml. was recovered on one occasion. The 
peritoneal cavity usually contained from 0-5 to 5-0 ml. of turbid fluid, and a 
little fluid was found in the thorax. The peritoneal wall appeared normal and 
there was no fibrinous exudate on the organs. Macroscopic lesions of the 
epididjunis were recorded only once, but microscopic lesions sirniler to those in 
rats were found in 7 out of 8 mico in which sections were cut. Tlio subcutaneous 
tissue fluid contained very occasional inflammatory cells and bacilli. In the 
peritoneal fluid, colls and organisms were more numerous, but not nearly as 
plentiful ns in rats. On one occasion a few bacilli were found in thoracic 
fluid. 

Male mico inoculated intraperitoneally with ascitic fluid (sfnu’n S.F.) and 
ivith material from the human ulcer of K.R. gave lesions similar to those described 
above. Two female mico wore inoculated by tho intraperitoncal route with 
ascitic fluid from a rat (strain R.T.). Both dic<l after about five months with 
no macroscopic ovidenco of tho infection ; no sections were made. 


Other spocioB 

Guinea-pigs. As stated previously, guinea-jiigs inoculated subcutaneously 
with material from tho ulcers of .S.F. and R.T. showed no macroscopic ovidenco 
of disease when killed sLx weeks later. Another animal inoculated sub- 
cutaneously with saline washings from tho tilcer of B.T. died in an emaciated 
state after six months, but no lesions wore found. Xino guinea-pigs inoculated 
intraperitoneally with liuman or animal material were observed for perioils 
of from 5 to 15 months : 41 months after inoculation with ascitic fluid from a 
rat, one female developed an ulcer on tho nose containing acid-fast bacilli ; 
this liealod and no other lesions were found. Two of the remaining animals 
showed collections of yellowish material containing degenerate acid-fast bacilli 
in the omentum, with no signs of progressive disease ; tho other six were 
apparently unaffected by tho injection. 

A guinea-pig was injected subcutaneously with tissue from tho ulcer of K.R. 
but no lesions of any kind wore foimd ton weeks later. A male guinea-pig 
inoculated by the intraporitonoal route with tho same material revealed no 
macroscopic lesions after six months. 

Rabbits. A male rabbit was inoculated intraperitoneally with n suspension 
of tissue from the leg of B.T. It died after 15 months, tho only lesions attribut- 
able to the injection being yollowi.sh areas on each epididymis, smears of which 
were teeming with acid-fast bacilli. 

Another male rabbit inoculated intravenously and intraperitoneally with 
ascitic fluid from an infected rat died in 10 months and again tho onlj- lesions 
attributable to the injection were in each epididjunis, smears from which 
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revealed many acid-fast bacilli. Sections of the organs of both animals showed 

no lesions. -n. 

Fowls. A white leghorn cockerel was inocnlated intraperitoneally witn. 

untreated material from the ulcer of R.T. It remained well for 13 months, when 
it was killed and found to be in a healthy condition. JTo macroscopic lesions 
were observed and no sections made. ^ _ 

Lizards. Three blue-tongued lizards {Tiliqua sctncoidcs) were inoculated 
intraperitoneally with untreated material from the ulcer of R.T. The first 
died after 10 weeks. Collections of degenerated inoculum containing a few 
acid-fast bacilli were lying loose on the surface of the liver but nothing abnormal 
was found in sections* of the organs. The other two animals died after 15 and 
20 weeks respectively with no obvious evidence of infection ; no sections 
were made. 


Morphology 

Morphologically this organism resembles the human tubercle 
bacillus. Its average length is 3 p. but organisms as long as 6 p. are 
common; variations from 0-75 to 12 p are seen. Its "width varies 
from about 0-2 to 0-35 p. The bacilli have more or less parallel 
sides and rounded ends and are often curved. An appearance of 
branching is seen occasionally. No spores or capsules have been found. 

The organisms may occur singly or in groups ; two may lie at an 
angle or a number in palisade formation. Chains are not formed. 
Collections of organisms frequently occupy the mononuclear and 
occasionally the polymorphonuclear phagocytic cells in the ascitic 
fluid of infected rats. Such cells often contain several small groups 
of bacilli, each group with its axis lying in a different direction (figs. 9 
and 10). Possibly the bacilli multiply in these cells, since other cells 
are formd in which there are massive bundles of organisms clearly 
composed of several large groups. These may attain a size of 12 x 
7 p and distend the enclosing cell, appearances which are characteristic 
of this bacillus. Extracellular organisms occurring singly or in groups 
and uudouhtedly arising from the epididymal lesions are also found 
in ascitic fluid. Sections of human and animal lesions usually contain 
large masses of bacilli (figs. 2 and 12). 

The hacUlus is Gram-positive if the methyl-violet stain is warmed. 
It stains brilliantly by the Ziehl-Neelsen method (fig, 16) and is 
strongly acid-fast. Smears were stained for ten minutes with hot 
carbol fuchsia. When treated for ten minutes with 3 per cent. HCl 
in 70 pet cent, alcohol, most of the organisms were brilliantly stained, 
although some were paler. After an hour in the acid-alcohol, some 
bacilh were completely decolourised -, others had a refractile appearance 
but the majority were still well stained. After four hours in the acid, 
fewer bacilli were visible and after 24 hours most of them were 
decolourised, so that instead of bacilli being seen in every field they 
had to be searched for. Some organisms, however, resisted even tbig 
long treatment with acid alcohol and remained deeply stained. 

^ Granules in the form of round or oval beads at the ends or in the 
middle of the bacilli are not infrequently seen in the same smear with 
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solidly stained organisms. Yegian and Baisden (19*12) and Porter 
and Yegian (1945) iiavo sliown Hint tlic bonding of tubercle bacilli 
in smears stained bj' tlio Zichl-XceLsen nictiiod is Jargol}' effected by 
the staining technique, and that most of tlio granules disappear if, 
after treatment witli acid alcohol, the smear is immersed in neutral 
alcohol for a short time. We have found that this applies also to 
the new bacillus. 

Discussion 

It is necessary to consider whether the ncid-fast bacilli found in the 
ulcers of the three patients were identical. If the patient S.F. had 
been the onl}' source of the organism, doubt would have arisen about 
the origin of the acid-fast bacilli found among other bacteria in the 
lungs of the first rat injected intrapcritoncalh', wliich subsequently 
produced ascites in another rat. However, there is no doubt that 
the organisms in the ulcer of K.T. were transferred to animals, since 
14 rats and 5 mice were infected directly' by various routes. The 
organism in the ulcer of K.R. was also proved to bo pathogenic for 
rats and mice. That the bacilli from S.F., R.T. and K.R. are the 
same is shomi bj' their identical morphological and cultural characters 
and by the similarity in development, distribution and structure of 
the lesions produced in inoculated aniranls. 

E\ndcnco that this acid-fast bacillus is not one of the wcll-kno^m 
m3'Cobacteria follows from a stud\’' of the pathogcnicit}- of the genus. 
Human or bo\’ine tuberculosis, or “ vole tuberculosis ”, was not 
produced in guinea-pigs by subcutaneous inoculation (animals lulled 
after six weeks and six months) or b}*^ intraperitoncal inoculation (one 
animal observed for 15 months). A%inn tuberculosis Avas not produced 
in a cockerel bj* a verj' large inoculum of pus injected intrapcritoncall}^ 
although the bird AA-as obserA’cd for 13 months. Lesions Avere not 
produced in cold-blooded animals (lizards) AAithin several months 
folloAving intraperitoneal inoculation. 

In 191C and 1919 Traum described subcutancows nodidos m cattle Avhich on 
section showed necrotic foci containing acid-fast bacilli. Giant cells Avcro 
present and the tubercles found were histologically indistinguishablo from 
those associated with tlio tubercle bacillus. The nodules sometimes softened 
and discharged pus containing calcareous granules. The organisms Avoro thought 
not to be tubercle bacilli because they Avoro non-infectiA’o for guinea-pigs and 
were refractorj*- to culture. Many AA-orkors liaA’o since attempted to identify 
them Av’ithout success. 

The so-called saprophj-tio mycobacteria are said to bo unable to sot up by 
themselves a progressive infection in mammals. HoAA-oA’cr, some of them Avhen 
injected intraperitoneally into guinea-pigs in largo doses, together Avith a fatty 
substance such as butter, may produce oxtensiAm lesions simulating those of 
tuberculosis (RabinoAvitsch, 1897). Pinner (1935) isolated a number of acid- 
fast organisms Avhich produced in guinea-pigs non-tuberculous self-healing 
lesions not transferable in series through animals, and on this basis ho grouped 
thorn as saprophytes. 

Unfortunately the numerous acid-fast bacilli described (Thomson, 1932 ; 
Hagan and Levine, 1932 ; Schwabacher, 1933 ; Gordon, 1937 ; and others) 
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have not been inoculated, as a rule, into rats and mice by the intraperitoneal 
route. However, as will appear (section IV), the cultural characteristics of the 
Baimsdale bacillus are distinctive. 

Joline’s bacillus, which causes a chronic disease of cattle characterised by 
massive infiltration of the intestinal tract, is said not to be infective for adult 
laboratory animals. Moreover this organism can bo cultivated on Twort’s 
medium at 37° C. , 

The htunan leprosy bacillus is said not to be infective for laboratory animals. 

The rat leprosy bacillus produces a natural disease in rats and occasionally 
in mice (Krakower and Gon 2 :dlez, 1940), but the lesions of both the natural 
and experimental infections differ from those produced with the bacillus here 
described. Rat leprosy occurs in Australia, although probably less than one 
per cent, of rats are affected. Lowe (1937) summarised Stefansky s original 
description of the naturally occurring disease in its “ glandular ” and “ musculo- 
cutaneous ” forms. He also stated that 8-10 months after intraperitoneal 
inoculation the omentum had often become a large solid mass, several grams 
in weight, consisting of an accumulation of cells crammed with bacilli. Our 
personal observations on rat leprosy are limited to five rats inoculated intra- 
peritoneally. After about nine months, three had numerous grain-like nodules 
on the omentum, mesentery and peritoneal stu-faces generally, and the mesenteric 
and inguinal glands were enlarged. The other two had large confluent masses 
involving the omentum and mesentery, particularly the mesentery of the 
epididymis. In all the infected animals the peritoneal lesions were teeming with 
rat leprosy bacilli. No ascites, oadema or ulceration of the skin, either at the 
site of inoculation or remote &om it, was observed in any of these animals, and 
we have found no reference in the literature to the occurrence of such lesions 
following intraperitoneal inoculation with rat leprosy bacilli. 


With the new bacillus, the epididymis is the preferred site for 
primary lesions in male rats ; in our experiments, following intra- 
peritoneal inoculation, epididymal lesions were found in all 52 animals. 
These lesions are present before ascites develops ; we foimd them in 
three rats which died or were killed after a few months and had no 
ascites and no swelling of the scrotum. On the other hand, of ten 
female rats inoculated intraperitoneally only three had lesions con- 
taming acid-fast bacilli, and a microscopic peritoneal lesion, occurrmg 
in the fatty tissue surrounding the ovaries and of doubtful significance, 
was found in only one. Both males and females developed exactly 
similar ulcers of the tail and limbs, that is, at points remote fi:om the 
site of inoculation, as did one female inoculated intracerebraUy. The 
more frequent occurrence of ulcers of the tail and feet in males is 
presumably due to re-inoculation of these sites from the peritoneal 
lesions. 


Dissemination to remote parts of the body may be by the blood 
stream or lymph-chaimels. The organism then appears to spread in 
the subcutaneous tissues and to penetrate in places to the skin surface, 
for lesions may be found extending in the tail an inch or more from 
the point of ulceration. Ulcers of the skin developing after sub- 
cutaneous inoculation show signs of localised spread through the 

subcutaneous tissues. Similar spread in human tissues is reported in 
section I. 
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The virulence of the new bacillus is ns yot iinflctcrnunccl. The 
ascitic fluid of rats varies in its bacillary content, but on two occasions 
Breed smears gave counts of 1-2 and 2-2 million organisms per ml. 
It was our practice to use an inoculum of between 0*1 and 2*0 ml. 
As many ns eight consecutive ])ns.sngo inoculations have been carried 
out without attempting to control the number of bacilli injected, and 
no significant shortening of the course of the disease has been ob.servcd. 
In one rat the subcutaneous inoculum remained apparently quiescent 
for about IS months. This raises the question of the incubation 
period in man. 

The sources of human infection with the bacillus are unknown. 
The district of Bairnsdalo is infested with rat.s. Through the courtesy' 
of the Public Health Department wo have received and e.vamincd 
five of these animals without finding any evidence of infection, but 
one might expect the incidence of tl\e disease to be small. However, 
the pathogenicity of the organism for injected rats does not prove that 
this species harbours it in nature. Whatever the reservoir of the 
organism the method of transfer to man has still to be elucidated. 

III. PATHOLOGY OF THE EXPERIMENTAL LESIONS 

IN THE RAT 

H. A. Sissoxs 

Material amt methods 

This Boction clonl.s with the microscopic Btructiiro of tho lesions produce<l 
in rats ns part of tlio o.Kporimonfnl invest igntion clcscribeci nbove. 

Twenty-eight mnlo nnd fomnlo rats wero Btiitlied nfter intrnperitoncnl 
inoculation, nnd mntcrinl is included from nnothor rnt, inoculated intrnccrebrally, 
which presented compnrnblc lesions. Tiieso nnimnls included examples of 
each of tho strains established (S.F., R.T., nnd K.K.), but tho histological 
characteristics of tho lesions wore similar in nil nnimnls nnd n common description 
is applicable to nil three strnins. In n few rnts tho locnl lesions produced by 
subcutaneous inoculntion were studied. Tlio lesions produced in mice nnd 
rabbits by intrnperitoncnl inoculation are compnrnblo to but much less con- 
spicuous than those in tho rat. TJieir detailed liistology is not included here. 

The animals wero carefully dissected ns soon ns possible nfter death nnd 
were preserved in their entirety in 4 per cent, formaldehyde. All gross lesions 
were studied microscopically, nnd blocks from seemingly unaffected organs 
were also e.xamined in most of tho nnimnls. Sections were stained with luvraa- 
toxylin nnd eosin, cnrbol-fuchsin and li.Tmnto.vjdin, cosin-nzuro, and Mnsson’s 
connective-tissue stain. 

A tecliniquo which deserves note is tho use of tho eosin-nzuro stain, either 
alone or in combination with light liannnto.xylin staining. In tho present 
material it demonstrated tho bacilli with great clarity, nnd was useful also in tho 
identification and study of inflammatorj' colls. Pngel (1940), using n similar 
method to demonstrate acid-fast bacilli in o.xperimontal tuberculosis in tho 
mouse, showed that tho bacilli, which at first stain with tho azure component, 
after being present in tho tissues of tho nnimnl for about 10 days stain selectively 
with the eosin although there is no change in their acid-fastness. In the present 
material, however, azure staining of the bacilli was a common finding, oven in 
lesions of long standing. 
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Lesions in relation to the peritoneal surface 

(i) Epididymis and scrotum. This part of the peritoneal surface 
is always more extensively involved than the rest. The lesions appear 
as white opaque areas on the surface of the fattj’’ tissue of the 
epididvmis and on the parietal peritoneum of the scrotal wall. In 
early stages only a few small focal areas are found ; later, these become 
confluent and more extensive. As the lesions progress, firm adhesions 
become established between the epididymis and the scrotal wall, and 
diffuse cedema of the scrotal tissues and fatty tissue of the epididymis 
usually appears. IlTien the lesion extends to involve the adjacent 
scrotal muscle this tissue becomes firmty adherent to the peritoneum 
and presently forms a hard plaque to which the skin eventually 
becomes attached. In contrast to the remainder of the scrotal 
peritoneum, the testicular surface is usually uninvolved, but in one 
animal an area of testis adjacent to the epididymis was the site of a 
lesion. Here, bacUli-containing granulation tissue extended to the 
interstitial connective tissue of the testis. 

hficroscopically the earliest lesions in the epididymis are seen to 
consist of a superficial area of haemorrhagic necrosis of the fatty tissue. 
In the centre of such a lesion, in addition to extravasated erythrocytes, 
fibrin, ceU debris and pyknotic nuclear firagments, only occasional 
degenerating polymorphonuclear leucocytes are present, but surround- 
ing the necrotic areas are zones of cellular accumulation where poly- 
morphonuclear leucocytes, lymphocytes and macrophages are seen in 
large numbers.- These cells occasionally accumulate in the neighbour- 
hood of dilated capillaries, and the inflamed tissues show marked 
cedema. 

In the necrotic areas localised accumulations of great numbers of 
acid-fast bacilli are present. For the most part they are extracellular 
and arranged in bulky branching bundles (fig. 12). These aggregates, 
in which the bacilli lie side by side, take on, as a whole, a curved 
appearance, and are found not only in the epididymis but wherever 
large numbers of bacilli are present. In the cellular zone a few of the 
inflammatory cells contain acid-fast bacilli, but most of the bacilli- 
containing cells are macrophages. Many of them have vacuolated 
(“ foamy ”) cjdopiasm ; those which contain many acid-fast bacilli 
are enlarged but not otherwise abnormal. Giant cells are not foimd 
in the lesions. The bacilli within the macrophages have no 
characteristic orientation, their long axes being arranged independently 
of each other. Very occasionally a small dense collection of baciUi 
occupies a localised region of the otherwise empty cytoplasm. These 
intracellular aggregates are rarely found in sections ; they are seen 
more frequently in smears of peritoneal fluid (figs. 9 and 10). Even 
here the bacilli are quite irregularly orientated, and neither the 

globi ” nor the “ rosettes ” described by Cowdrj' and Havold (1938) 
and Cowdry (1940) in rat leprosy have been observed. There can be 
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no doubt tlmt the massive extracellular colonics of bacilli arise by local 
multiplication, but u-licthor the intracellular organisms arc actively 
multipljang or merely’' plingccj-loscd and quiescent is not clear. 

Tlio lesions, even in their early stages, commonly shou’ thrombosis 
and eventual obliteration of .small blood-vessels in the necrotic areas. 
As thej' increase in size the lesions extend to the deeper fatty tissue 
which is present between the groups of cpididymal tubules. In most 
cases the tubules themselves are not involved and are found intact 
witliin otherwise necrotic areas. Occasionally part of a tubule is 
involved ; its epithelium is dcstro3'cd and its lumen occupied by a 
mass of acid-fast bacilli, disintegrating spermatozoa and necrotic 
inflamraator}' cells. The cylinder of material occup^'ing the lumen 
can be distinguished from the .surrounding tissue and the outline 
of the dcstroj’cd tubule is thus jircsorved. 

The oldest lesions, replacing almost the entire fatt^' tissue of the 
cpididjmiis, show extensive development of vascular granulation 
tissue in parts remote from the necrotic areas. This tissue contains 
numerous inflammatori' colls, including manj' macrophages, but it is 
onlj' in the zone immediatelj- adjacent to the necrotic areas that 
acid-fast bacilli arc found within these cells. 

The lesions commencing on the peritoneal surface of the scrotal 
wall show the same massing of acid-fast bacilli in the necrotic sub- 
peritoneal tissue, and here also a zone of cellular accumulation 
separates the necrotic tissue from the surrounding uninvndcd but often 
cedematous tissue. When outward extension has reached the skin 
surface and ulceration has commenced, there is often a great increase 
in the number of acid-fast bacilli in the necrotic tissue immediately^ 
deep to the ulcerated part. 

(ii) General 2^<^^lloneal surface. This is usually covered bj' a 
tenacious filmy laj^cr which, after formol fixation, can bo detached 
onty with difficulty. It consists of a fibrinous coagulum enmeshing 
numerous inflammatorj’’ cells of various tj’pes, inoluding occasional 
pol3>morphs, numerous lymphoc3’tes and abundant bulk3’’ mono- 
nuclear phagocytes or macrophages, whoso c3*toplasm occasionally 
contains numerous acid-fast bacilli (fig. IG). Those cells are often 
arranged in small groups surrounded b3’^ n zone of lymphocytes. As 
shown in fig. 16 the deposited material lies superficial to the splenic 
capsule, which is not invaded, and the fibrinous la3'er until its cellular 
aggregates is quite avascular. ' 

The ascitic fluid contains large numbers of colls similar to those 
of the surface deposit. L3Tnphocytes and pol3Tnorphs can be found, 
and occasionally a potymorph contains acid-fast bacilli untliin its 
cytoplasm, but the predominant cells are the largo mononuclear 
phagoc3des containing numerous acid-fast bacilli. 

(iii) Pancreas, splenic mesentery and omentum. These are sites 
of a minor degree of extension from the peritoneal surface to the 
sub-peritoneal tissues. The lesions here are always minute and are 





I'lo. 13. — Rat inoculated intraperitoneally. Subcutaneous tissue of scrotal wall 
showing macrophages loaded with acid-fast bacilli. Ziehl-Xeelsen and hsematoxvlin 
Xl50. 
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Fig. 14. ^Rat inoculated intraperitoneally. Focal lesion of peritoneal surface involving 

some superficial pancreatic tissue. Hannatoxylin and eosin. X 450. 



Fin. 1.5. — Rot inoculated intraperitoneally. Subcutaneous tissue adjacent to an ulcer 
on the tail, shorving inflammatorj^ reaction and general oedema. Dark masses of 
acid-fast bacilli can be seen in the lower part of the picture. Ziebl-Xeelsen and 
ha'matoxylin. X 03. 
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Pig. 1G. — Section of cellular membrane covermg the spleen surface m a rat moculated 
mtrapentoneally. Ziehl-Xeelsen and hiematoKj’lm. x 4.30. 
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found only in occasional animals, contrasting with the gross and 
constant scrotal lesions in the same animals. Involvement of the 
pancreas takes the form of patchy destruction of the superficial zone 
of pancreatic tissue (fig. H)- The acini immediately beneath the 
peritoneum are destroyed, and their necrotic remains are found 
scattered between areas of extxavasated erythrocytes, nuclear debris 
and bulky macrophages, some of w’hich contain phagocyted acid-fast 
bacilli. In the omentum and splenic mesentery the earliest lesions 
are seen as small groups of bulky macrophages with many included 
acid-fast bacfili, surrounded by collections of lymphocytes and un- 
accompanied by necrosis. Larger lesions are rarely found here, but 
when present they consist of larger aggregates of bacilH-containing 
macrophages, with occasional extra-cellular clusters of acid-fast bacilli 
adjacent to which the connective tissue and fat are disorganised and 
structureless. 

(iv) Peritoneal lesions in female rats. It has been described how, 
in female rats inoculated intraperitoneally, remote lesions occur 
without the development of either ascites or gross peritoneal disease. 
No generalised peritoneal deposits are foimd in these animals, and 
microscopic examination of the subperitoneal tissues reveals no 
lesions like those foimd in males. Indeed the only abnormal findings 
in this situation were in two rats killed 4 and 9 months respectively 
after inoculation, in which prolonged search of sections of the various 
fatty tissues of the abdomen disclosed occasional minute areas of 
granular change in the fat surrounding the uterine horns and ovaries. 
In these areas cell outlines are obliterated and granular material 
replaces the cells. In one rat this material contains scattered acid-fast 
bacilli, and while no marked inflammatory response is present, an 
occasional macrophage contains acid-fast baciUi. In the second rat 
no recognisable acid-fast bacilli can be seen in the same abnormal 
tissue, but a few areas of granular acid-fast material are found. 


Remote cutaneous lesions 

The development of these lesions is a striking though only an 
occasional feature of the later stages of the experimental disease in 
rats of both sexes. An animal inoculated intracerebrally developed 
precisely similar lesions, and the following description apphes both 
to it and to the others of the larger group. 

The tail or one of the limbs of an animal may become markedly 
swollen, often the hair falls out, and the cedema may be followed by 
ulceration of the skin. In some cases extensive destruction of all 
the tissues of the part follows, and in one animal the tail and the 
distal parts of the limbs dropped off (fig. 3). In the early stages the 
lesions are restricted to the subcutis, and sections of the waterlogged 
tissues show numerous inflammatory cells but only a few acid-fast 
bacilli. In ulcerated lesions acid-fast bacilli are usually present in 
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much greater numbers and are arranged in cliaractcristic extra- 
cellvdar masses surrounded by zones of necrotic tissue. On naked-eye 
examination of sucli a region, necrosis can be ob.served to extend as 
an opaque grey zone in tlio subcutaneous tissue, as far as 2 cm. beyond 
tlie area of ulceration. It is tin’s peripheral zone that is sliomi in fig.15. 

Thrombosis and ultimate obliteration of blood-vessels is observed 
and subcutaneous nerves passing through the lesions arc destro 3 ’cd by 
the necrotic process. In none of the lesions studied, hou'cvcr, could 
anj’ extension of the inflammatory^ change along the tissues of invoh’cd 
nerves be found. Muscles and connective tissues are destroyed in the 
extending lesions, but the periosteum of bones halts the process, at 
least for a time, and at the surface of a bone it is common to see 
extension of the lesion arrested over a u'idc area. The skeletal tissues 
are, houever, occasionally encroached on (figs. 17 and IS), and this 
occurs most commonly’ in the region of the spongy' bone adjacent 
to the ununited epiphyses of the long bones of the limbs. The 
inflammatory tissue extends along the Haversian canals, and the 
marrou’ of the involved bones becomes replaced by masses of bulky 
mononuclear cells containing acid-fast bacilli and eventually’ by 
necrotic oedematous tissue containing bulky' bacillary’ aggregates. 
On the bone surface, in the Haversian canals and in the more central 
parts of the bones the inflammatory process causes local death of 
osseous tissue, and necrotic trabcculai devoid of bone colls are found 
in these situations. Occasionally the involvement of the nutrient 
vessels by' the necrotising inflammatory' process lends to necrosis of the 
entire shaft. In areas adjacent to necrotic bone and in regions where 
inflammatory' tissue is near to living bone, some osteoclastic activity 
and bone removal is seen. In none of the lesions, however, has any 
development of now bone boon recognised. The epiphy’seal cartilages 
of long bones sometimes remain unalTcctcd, even when the adjacent 
bone is Avidely destroy'ed. 

Other dissemivaled lesions 

The preparation of routine sections of apparently' uninvolved 
organs resulted in the occasional discovery' of microscopic lesions in 
situations other than those already described. These wore found in the 
liver, spleen and poribroncliial tissues of the lung (on one occasion 
each), and took the form of collections of acid-fast bacilli in one or 
two cells of macrophage type, without any other evidence of tissue 
reaction. There was notliing to suggest that any' of these lesions 
were progressive. 

Lesions following the subcutaneous injection of bacilli 

Sections from several animals Avhich had been injected sub- 
cutaneously with material rich in acid-fast bacilli showed local 
extra-cellular aggregations of bacilli associated with tissue necrosis 
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and the accumulation of infiammatorj’^ cells. Once again these 
included numerous macrophages, some of which contained acid-fast 
haciUi. In these lesions, however, bacilli were not so numerous as in 
the more progressive cutaneous lesions. Indeed, from the lustological 
standpoint these lesions were comparable with those described by- 
Griffith (1911) as the result of the subcutaneous injection of rats with 
tubercle bacilli. 

Disctission 

The outstanding featme of the disease after intraperitoneal 
inoculation in male rats is the establishment of gross lesions on the 
peritoneal surface of the scrotum and its contents. The massive 
peritoneal effusion which develops apparently has its origin in these 
lesions, which in addition appear to maintain a reservoir of acid-fast 
bacilli from which colonisation of other parts of the peritoneal surface 
is effected. The initial localisation in the epididymis and scrotum is 
surprisingly comparable with the resvdts, described by Thomas (1936), 
of introducing barium sulphate into the peritoneal cavity of the 
male rat. Indeed not only were lesions produced in a similar situation 
by this means, but the cellular reaction to the barium sulphate also 
consisted of a lymphocyte and macrophage response followed by the 
development of granulation tissue. 

After intraperitoneal inoculation, general dissemination of acid-fast 
bacilli takes place, but the findings in female rats indicate that this 
can also occur in the absence of gross peritoneal lesions. The establish- 
ment of these lesions, however, as a result of the favourable properties 
of the scrotal tissues, is responsible for the difference in the course 
taken by the disease in male and female rats. 

When the histological features of the lesions are compared with 
those of other mycobacterial diseases it must be remembered that the 
tissues of rats and mice react to a variety of organisms of this group 
in ways that have many features in common. Thus the accounts 
given by Griffith (1907), Gloyne and Page (1923), Lange and Simmonds 
(1923-24), Smith and Hendrick (1925-26), Steinbach (1932), and Hehre 
and Preund (1939), of the histology of experimental tuberculosis in rats, 
by Gunn et al. (1933-34), Pagel (1940), and Glover (1944) of experi- 
mental tuberculosis in mice, by Oliver (1926), Lowe (1934-35, 1937), 
and Pinkerton and SeUards (1938) of spontaneous and experimental rat 
leprosy, and by Krakower and Gonzalez (1937, 1940) of mouse leprosy, 
show that in all these the macrophage is the most common reacting 
cell ; that its cytoplasm not infrequently assumes a vacuolated or 
“ foamy ” appearance ; and that the giant-cell systems so character- 
istic of human tuberculosis are in most cases absent. It is in the 
light of these distinctive features of mycobacterial infection in rats 
and mice that the histological changes now described must be judged. 
It must therefore be concluded that although the histological changes 
in the present lesions are not exactly duplicated in other mycobacterial 
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diseases of the rat, it is not so much in the type of cellular response 
that this particular inflaniniatory process is distinctive, as in its 
more general characteristics. Among these the most remarkable are 
the spicciBcity of site of the lesions and their association with great 
exudation of fluid. 

IV. CULTIVATION OF THE NEW MYCOBACTERIUM 
Glex Buckee and Jeax C. ToEnimsT 

Efforts to cultivate the acid-fast bacillus described in sections I 
and II from the patients S.F. and R.T. and from peritoneal fluid of 
rats infected from these patients on media suitable for tubercle 
bacilli ha-ving failed, it was assumed that the organism needed some 
special factor for growth. A variety of media was used in different 
experiments, including some consisting of one of the conventional 
bases with additions such as vitamins, sterile human tissues, heated 
tissue from the ulcer of the patient R.T., i.c. a suspension of the 
organism itself, and so forth. Some of these were incubated at 37° C. 
in an atmosphere containing carbon dio.vide, others in air at room 
temperature, 37° and 43° C. Culture in the j’ollc sac of the developing 
chick embryo at 37° C. was also attempted. All these experiments failed. 

Eventuallj- growths were obtained from rat peritoneal fluid on a 
3’olli agar medium. The results were irregular and, although several 
cultures were obtained from fluids containing both the S.F. and R.T. 
strains, a long series of failures followed and subcultures were grown 
with difficulty. As there was no doubt of the authenticity of the 
cultures, it appeared that the organism had been growm on a medium 
which did not seem liable to variation from batch to batch, as judged 
by the simplicit}'^ of its preparation and the results obtained on it with 
tubercle bacilli. It followed that the absence of growth must be due 
to a failure to meet some requirement other than nutritive. 

At tliis point, the fact that the lesions in man were on the skin of 
the extremities and those in rats in the scrotum or on the tail and 
limbs suggested to us that the organism might require a temperature 
below 37° C. With tliis came the reah'sation that the series of 
successful cultures had been incubated in an apparatus with an 
unsatisfactory heat circulation and that the return to our usual 
incubators had coincided with the cessation of positive results. An 
incubator was therefore adjusted to 33° C. and cultures made from a 
number of stored fluids ; growth was obtained from several. Though 
growth is at best slower and scantier than that of human tubercle 
bacilli, no further difficulties have been encountered and the organism 
was successfully cultivated directly from the ulcer of patient K.R. 
(case 6). 

Our earliest observations being in some details invalidated by doubt ns to 
the exact temperature of incubation, cultures were sot up with each of the 
following : — (o) Suspension of pus and tissue in saline from the patient K.R. 
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(b) Citrated peritoneal fluid from rat S.F . 51. (c) Citratcd peritoneal fluid from 
rat R.T. 139. (d) Suspension of second generation culture from tlio patient 
K.E.. (c) Suspension of fourth generation culture from rat S.F. 20. (/) 

Suspension of sixth generation culture from rat R.T. 62. , . . 

The inoculum rras one drop from a Pasteur pipette . The number of organisms 
in the first tliree inoculn a-as not determined, but fig. 8 indicates the number of 
colonies obtained on suitable media from fluid (a), which had the fewest viable 
organisms. The inocula for the secondar 3 ' cultures were saline suspensions 
(the largest particles being just \Tsible on shaking) of an opacity equal to our 
vaccine standard— 2000 X 10' organisms per ml. In addition, cultures of human 
and bornne tubercle bacilli from sputum and pus were made on the same 
media. 

All solid media were corked and incubated in a sloping position. The 
temperatures of incubation mentioned are the means of the temperatures 
recorded by a maximum and minimum thermometer incubated with the 
cultures. The general description is of growth at 30 or 33° C. 

Cultural characteristics 

Temperature. Growth was satisfactory at 30 and 33° C., poor at 
25 and 37° C. and absent at room temperatnie (17-23° C.) and at 
41° C. On suitable media primary growth may be visible in the 
fourth week at 30 or 33° C., hut in experiments at observed tempera- 
tures it appeared in only one of 213 tubes incubated at 37° C. (a 
single colony, visible after 12 weeks) and in two of 36 tubes incubated 
at 25° C. for 21 weeks. Secondary cultures, visible in the second 
week at 30 and 33° C., took 3-4 weeks to appear at 37° and 4-6 weeks 
at 25° C. 

Yolk agar. This medium consisted of one part of egg yolk to which 
was added aseptically three parts of sterile l-2o per cent, agar dissolved 
in saline and 1 per cent, of a 2 per cent, solution of malachite green. 
Primary growth usually appeared in from 22 to 25 days but has taken 
as long as eight weeks. Colonies when first seen were pin-point, 
colomless, transparent domes with a smooth surface and entire edge. 
After nine weeks the colonies were 2-3 mm. in diameter, round, 
smooth, low convex, opaque and whitish or pale cream in colour ; 
the green dye was sometimes destroyed where growth was heavy. 
Subcultures were sometimes visible in 11 days. The appearance of 
the growth was the same. Macroscopically homogeneous suspensions 
could be made with difficulty from young but not from mature colonies. 

PetragnanVs medium. Growth first appeared in about 30 days, 
when the tiny colonies were transparent and colourless, dome-shaped 
and with a smooth surface ; later the surface became duU, the outline 
less regular and the colonies were opaque and cream or pale lemon 
in colour. When fully grown, colonies were usually low convex or 
umbonate, but might be flat, 2 mm. in diameter, with a dull rough 
surface and irregular outline (fig. 8) ; the colour was a lemon or 
mustard yellow. Growth appeared in the second week in subcultures 
and was similar. 

Nutrient agar. No primary growth was obtained on 2 per cent. 
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or 1 per cent, nutrient ngar. Subcultures usunllj' failed to grow, 
but on two occasions extremely .scanty growtii occurred, first risible 
in nine wcclcs. 

Nutrient agar plus o per cent, glyccrtuc. Xo jwimary growth was 
obtained. Subcultures usually failed but occasiOnall}* scanty growth 
became visible in the fifth week. 

Blood agar. On media containing nutrient broth plus 1 per cent, 
and 10 per cent, lior.se blood scanty growth appeared in four or five 
weeks. The colonics, though smaller and fewer, resembled those on 
yolk agar. When the medium contained 2 per cent, agar, growth was 
delayed for six or eight weeks and the tiny colonics were flat, rough 
and irregular. Subcultures grew in four or five weeks. 

Dorset's egg medium. A few colonics njipenrcd in eight weeks; 
subcultures grew in four weeks. The colonics resembled those on 
Petragnani’s medium. 

LoeJJlcr's scrum. Scant}' growth appeared in eight weeks; the 
colonies resembled those on Petragnani’s medium but were not 
pigmented. Subcultures grew in five weeks. 

Glycerine potato. No growth was observed with primary or 
secondary cultures after 10 weeks’ incubation. 

Broth. No growth was obtained in nutrient broth ; subcultures 
gave scanty growth in tryptic broth. Only when colony fragments 
Avere used as inoculum did growth occur in glycerine broth : these 
increased in size, forming irregular white balls. A colon}* floated on 
the surface attached to a fragment of paraffin increased in size but no 
pellicle AA'as formed. However, if grorrih ns a pellicle can be initiated, 
subcultures may differ from those described. Growth in serum 
nutrient or serum tr}’ptic broth occurred ns a flaky deposit. 

The effect of glycerine. Loav concentrations of glycerine enhanced 
grow-th. The effect aa'us shoAvn, mainly in the later stages, by the con- 
tinued increase of colony size when colonies on non-glycerinated media 
had ceased to enlarge, not by the production of more numerous colonics. 

Primary inocula failed to grow on Petrngnnni's medium containing 10 
per cent, glycorino. Tho colonie.s on tliis medium containing 5 per cent, 
glycerine were larger but fewer than those on tho glycerine-free medium, while 
1 per cent, glycorino induced a definite incrcn.so in tho bulk of tho growtli without 
diminishing tho munber of colonics. Subcultures sometimes grow in the presence 
of 10 per cent, glycorino ; 1 per cent, and 5 per cent, glycorino produced equally 
good results, better than those obtained on tho medium without glycerine. On 
yolk agar, primary growth was often prevented by 10 per cent, glycorino: 
1 per cent, and 5 per cent, glycorino had little ofibet on tho bulk of tho growth, 
the increase in colony size being offset by tho smaller number appearing. 
Secondary growth was enhanced by 1 per cent, and C per cent, glycerine ; some 
inhibition was often noticed with 10 per cent, glycorino. Tljo colonies on 
Petragnani’s medimn containing glycorino wore more dooplj* pigmented than 
those on non-glycerinated media. 

Pigment. The colour of tho mature colonies on Petragnani was 
usually recorded as pale lemon or lemon, occasionally as resembling 
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that of dry mustard, once as light tan. The shade varied, but it u as 
ahvays a greenish or brownish yellow, never a golden or orange 
yellow. On yolk agar there was little or no pigment production— 
heavv growth sometimes appeared creamy but tliis might be due to 
the j-ellow colour of the medium showing through, the wlutish colour 
being due to opacity rather than a pigment. 


Pathogcniciiy for rate 

Pairs of male rats were inoculated intraperitoneally with each 
of the three strains (0-5 ml. of suspensions d, e and/). The animals 
were killed when ascites developed 3-5 months later and all three 
strains were recovered in culture. 

In earlier experiments with the S.P. and Tl.T. strains, peritoneal 
fluid from rats infected by the intraperitoneal injection of cultures 
was injected into other animals and fluids from these into a tliird 
group. The organisms were not recovered in culture from the first 
group because an incubator temperature of 37° C. was used, but 
cultures were obtained from the later groups (e.g. fluid c from the 
third animal in such a series). Most of the rats injected died or were 
IviUed when ascites was present. In some the complete course of the 
disease was reproduced. 


Pesistance 

A suspension in saline of cultme R.T. 62 was killed by heating to 
60° C. for 30 minutes. Growth was obtained from rat peritoneal 
fluids stored in the refrigerator for periods up to nine months and 
from the saline suspension of pus from patient K.R. similarl 3 ’- stored 
for three months. The organism withstands treatment with sulphuric 
acid. 


Microscopic appearance 

Since the colonies were difhcult to emulsify, low-power views of 
smears of cultures showed fragments, many of which could be seen 
to be composed of branching undulating strands resembling the 
micro-colonies of tubercle bacilli shown by Pryce (1941). In these, the 
organisms lay more or less parallel. Smaller clumps and groups of baciUi 
in palisade formation were also seen, but a field such as fig. 11, chosen 
to show the individual bacteria, was uncommon. In culture, bacillary 
length was less variable than in the tissues ; most organisms were 
between 1-5 and 3 p. long and about 0-2 jti broad. The sides were 
parallel, the ends rounded and most of the organisms were slightly 
curved. Ten-daj’--old subcultures stained for 10 minutes with hot 
carbol-fiichsin and treated with 3 per cent, hydrochloric acid in 
70 per cent, alcohol for three minutes were deeply stained. A few 
organisms were decolourised in ten minutes but the majority resisted 
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treatment for at least an liour. TJie morpliolog}’’ did not appear to 
vary significantly on the difierent media used, witii the exception of 
yollc agar containing 10 per cent, glycerine. On this medium swollen 
elongated forms, some resembling in shape tlic involution forms of 
Goryncbaclcrhnn dijphthcri(n, were seen. 

Discussion 

Since only three strains are discussed and the oldest of these is a 
sixth generation culture, the final description of the organism may 
differ in detail, but sufficient information is available to enable it to 
bo cultivated and recognised. 

The organism shows some notable differences from other myco- 
bacteria. In its lack of resistance to heat and its inability to grow 
at 47° and .'17° C. or at room temperature it differs from many of the 
saprophytes (Gordon and Hagan, 19.38). Tho only reference we can 
find to n mycobacterium having a similarly restricted range of 
temperature for growth is that of Duval (1910) ; but this is a doubtful 
instance, for Duval and his collaborators (Duval and Gurd, 1911; 
Duval and Wellman, 1912 ; Duval and Holt, 19.33-34 a and b) later 
used 37° C. for tho incubation of primary cultures. 

In its nutritive requirements our organism resembles other myco- 
bacterial pathogens. The growth on agar is no more than may bo 
obtained with tubercle bacilli. Tho requirements for growth probably 
differ from those of human tubercle bacilli ; for although glycerine 
may'^ enhance growth on other media, its addition does not supply 
the factors missing from nutrient agar. Blood or a small quantity of 
egg yolk is necessary' for tho appearance of more than an occasional 
colony', and large colonics are obtained only on Petragnani’s, yolk-agar 
or similar medium. 

On injection into rats cultures produce a progressive, transferable 
infection with distinctive characteristics. Tlio temperature require- 
ments offer an interesting parallel with tho sites of the lesions. The 
relative insusceptibility of female r.ats, the sequence of events in male 
rats and the resistance of the viscera in both sexes, especially to the 
heavy secondary' inoculation 'which must occur in a male when ascites 
develops, are all suggestive of tho influence of tho temperature of the 
site on the establishment of a lesion. Tho lesions in man have also 
occurred in situations where tho temperature is usually below 37° 0. 

These studies wiU be continued and serological investigations have 
been commenced. We do not, at present, propose a name foJ’ the 
organism. 


V. SUMMABY 

In a series of 6 cases of ulceration of tho sldn occurring in a rural 
area in Australia, a mycobacterium liitherto unrecorded and pathogenic 
to man was found in the lesions. 
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The lesions are described, tlie relevant clinical data are recorded, 
and an account is given of the laboratory investigations vfhich have 
been carried out. 

In the three cases in wliich detailed laboratory studies were made, 
material from the iilcers infected rats and mice but not gmnea-pigs. 
In rats characteristic lesions were produced, including ascites, cutaneous 
cedema and ulceration, and the disease was transferable from rat to 
rat indefinitely. 

The organism, a strongly acid-fast mycobacterium, has been 
cultivated and its characteristics are described. It requires a tempera- 
ture below 37° and above 25° C. for its growth (optimum about 
33° C.), and in its nutritive requirements it is fastidious to a degree 
comparable with the tubercle bacillus. 

The relationship of this disease to other mycobacterial infections 
is discussed, and it is concluded that the causal organism is distinct 
from any of the hitherto described mycobacteria. 

Comment is made on certain implications of fifrding a new myco- 
bacterium pathogenic for man. 

We ate indebted to Drs D. G. Alsop, L. E. Clay and J. R. Seatls at Baimsdale 
and to Dr K. R. Torode at Colac for their collaboration in the compUing of 
clinical data to a degree that tvill be ewdent, for checking accuracy of statement 
and for the opportunity of personal observation. Mr A. F. Maclure and 
Mr W. D. Upjohn put clinical facilities and data at otir disposal, while Professors 
H. A. Woodruff and S. D. Rubbo and their staff took part in the early investiga- 
tion of some of the patients. Dr Reginald Webster made available to us the 
results of his investigations in two of the cases quoted and directed our attention 
to a third. Our thanks are due to Dr E. H. Derrick for supplying us with rat 
leprosy material, to Mr Reg. Prosser for making a large number of histological 
preparations, to ilr A. G. Brown for preparing special media and to 
Mr T. O’Connor for some of the photographs. We are grateful to Professor 
R. A. Willis, both for his interest during the progress of the work and for help 
in the preparation of the paper. 
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THE ANTIBODY RESPONSE IN CASES OE 
RADIATION LYiMPHOPENIA, AND IN THE 
RETICULOSES 

R. WissTOi? Evaxs 

From the Christie Hospital and Holt Hadium Institute, Manchester, 
and the David Lewis Northern Hospital, Liverpool 

Antibody response in radiation lymphopenia 

Fob many years evidence has been accumulating that the lymphatic system 
plays an. important part in immunity reactions. Hektoen (1915) showed that 
in rats exposed to X-radiation a decrease in hsemolysin production occurred 
and that this was associated with a corresponding reduction in the number 
of circulating lymphocytes. He concluded that antibodies are formed in the 
spleen, lymphatic tissue and bone marrow, since these are the structures most 
affected by radiation. Rabbits were exposed to X-radiation by Murphy and 
Sturm (1925) until they showed a pronounced lymphopenia. In these animals 
a deficiency in the production of precipitins, bacterial agglutinins and protective 
bodies was recorded. McMaster and Hudack (1935) showed, in mice, that 
antibodes first appeared within the regional Ijrmph nodes draining the site of 
injection of the antigen, and that if two different antigens were injected, one 
into each ear, the corresponding antibody first appeared in the lymph glands 
of the same side. Ehrich and Harris (1942) demonstrated that the tissue 
response accompanying the formation of antibodies in the lymph node was 
chiefly a diffuse lymphocytic hyperplasia, foDowed by the appearance of large 
reactive germinal centres and a sharp rise in the output of lymphocytes into 
the efferent lymph. Kass (1945) demonstrated the occurrence of gamma 
globulins in lymphocytes and suggested that this fact, taken in conjimction 
with the evidence of the previous authors and the failure of lymphocytes to 
absorb or adsorb antibody in vitro, shows that the specific alteration of gamma 
globulin to cause the molecule to become reactive towards a given antigen occurs 
within the lymphocyte. 

There is therefore evidence to suggest that a possible correlation 
may exist between the amount of active lymphatic tissue in the 
body and the antibody response to a given antigen. Patients receiving 
large doses of X-radiation for the treatment of neoplastic disease 
develop a pronounced lymphopenia. This persists for several weeks 
after the cessation of treatment and has been a matter of great interest 
to both radiologists and hematologists for many years. The exact 
significance of this Ijunphopenia as an indicator of the systemic effects 
of radiation therapy is largely speculative, but nevertheless it has for 
some time been used as a guide to the amount of radiation to which 
a patient can be exposed without permanent or lethal effects. 
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Tlio exact fate of tlio lym])hocytes lhat disappear from the circula- 
tion during radiation is unknown. Many npjicar to be damaged or 
destroyed in the circulation, but it is possible that, after the destruction 
of the existing hremic lymjihocytes during the early phases of radiation, 
further Ijunphoc^dcs do not reach the blood stream. Indeed they 
maj' never be formed, or, if formed, only in reduced numbers, ns 
the lymphogenic centres become thcm.selvcs nffected by radiation 
(Goodfollow, 1930). If then, ns recent evidence suggests, the scat of 
antibody elaboration is the lymph node, the measure of failure of 
antibodj' production would be related to the amount of damage 
sustained by tho Ijnnphatic .s^'.stcm from radiation. 

With this in view it wa.s con.sidered worth while to investigate 
tho antibody response in 30 patients receiving largo doses of X- 
radiation and to correlate the results with the severity of the induced 
lymphopenia. 

Mirrifon 

Onlj' patients giving n negative liistory of enteric fever wlio ))nd rcccivwl 
no inocvilation of any sort were oiioscn. TJic tc.st series was comprised almost 
entirely of cases of carcinoma of the ovary and seminoma of tlio testis under- 
going regional X-ray therapy. Tho control grouj) consisterl of 17 uninoculated 
healthy adults of both sexes and of patients with malignant and other diseases, 
not undergoing radiation treatment, wlio showed no evidence of lymphopenia. 

A standard ngglutinablo susj)cnsion of Dact. pttrali/phosum .A(H) (Standards 
Laboratory, O.xford) was chosen ns tho test ant igon, chioily because paratyphoid A 
is a rare form of enteric disease in this country, and also because liigher titres 
could bo obtained by using the flagellar antigen. In each instance I'O ml. 
of antigen was injected intramuscularly into tho arm. A preliminary agglutina- 
tion reaction using a macroscopic voluinefric technique was carried out on 
blood specimens obtained iinmedintoly before tbo initial injection. It '"■as 
invariably negative. Further agglutination reactions were carried out on 
specimens of sera collected at intwals of 7, 14 and 21 days after tbo initial 
injection. Tlio results wore recorded ns tilrcs expressed in dilutions of scriun. 

It was not nlwaj-8 possible to obtain all four samples of blood, ns patients 
were either discharged from hospital before tho completion of tho experiment 
or failed to appear at tho out-patient clinic. 

Blood coimts were carried out at tho time of injection of tho antigen and 
subsequently at 7-dny intervals. Tho experiments woro usually commenced 
when tho Ij-mphocyto level had fallen to approximately 600 colls or less per 
c.mm. This generally corresponded to tho timo when radiation was about to bo 
discontinued, either because tho number of exposures had been completed or the 
lymphocyte lev-el had fallen too low for further therapy with safety. 


Results 

After seven days the most frequent result recorded in tlie test 
series was that of no agglutination (0) ; this occurred 12 times out of 
30 determinations. Ten showed titres of from 1 : 4 to 1:8 onty, 7 
showed titres ranging from 1 : 16 to 1 : 64, and one only a higher 
titre (1 : 128). The control series of 17 adults gave titres ranging 
from 1 ; 8 to 1 : 16,384 seven days after injection of the same quantity 
of antigen. The most frequent titres recorded in the control group 
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TABIiE I 


Ko. 

Dhease etc. 

W.B.C. 

Fob's. 

Lymplw. • 

ritrcs In dilul 

7 

Ions of Eota 

H 

illcr (days) 

21 

Lymphoponic group 

1 

Ca. of ovary 

4000 

2800 

370 

0 

40 

16 

2 


2900 

2800 

176 

0 

256 

... 

3 


3500 

3100 

72 

0 

2048 

... 

i 


3900 

3200 

211 

0 

8102 

... 

5 


3500 

2600 

480 

16 

2048 

1024 

6 

Seminoma 

4000 

2800 

235 

0 

4096 

16384 

7 

Ca. of ovarv 

2900 

2300 

235 

0 

80 

64 

8 

Seminoma 

3400 

2610 

333 

128 

8192 

16384 

9 


2900 

2100 

246 

4 

4 

0 

10 


5000 

3800 

693 

8 

8192 

... 

11 

Ca. of ovary 

3800 

2800 

400 

8 

2048 

1024 

12 


4300 

3200 

180 

4 

2048 

768 

13 


5000 

4200 

280 

64 

512 

... 

14 


3400 

3000 

153 

4 

192 

512 

15 


4300 

3450 

420 

0 

2048 

2048 

16 


2900 

3100 

240 

4 

128 

... 

17 


2200 

1700 

200 

8 

256 

4096 

18 

ft t* 

3800 

2900 

240 

16 


... 

19 

t* ft 

4200 

3000 

310 

0 

8192 


20 


3800 

3300 

240 

8 

8192 


21 


4900 

4000 

290 

32 

8192 

1024 

22 


2900 

2170 

340 

0 

192 

... 

23 

Seminoma 

2600 

2000 

200 

64 

64 

64 

24 

Ca. of ovary 

5100 

4300 

230 

0 

128 

128 

25 


3100 

2500 

230 

8 

128 

128 

26 

Ca. of bladder 

7900 


225 

16 

348 

512 

27 

Ca. of ovary 

2800 


590 

64 

128 

... 

28 

Myeloma 

2700 

2100 

160 

0 

256 

512 

29 

Sarcoma 

5800 

4570 

128 

0 

256 

512 

30 

Ca. of ovary 

4100 

3460 

200 

8 

1 

256 

... 




Control 

group 




1 

Ca. of bladder 

1 10000 

7800 

2180 

128 

16384 

32768 

2 

Ca of mouth 

6700 

4800 

1500 

8 

16384 

16384 

3 

»» tt 

14900 

11500 

2280 

12188 

16384 

32768 

4 

Ca. of bladder 

12400 

9860 

2110 

2048 

1024 

512 

5 

Ca. of mouth 

9700 

7810 

1160 

2048 

24576 

32768 

6 

Lab. Asst. 

6000 

3400 

2160 

256 

1024 

2048 

7 

Doctor 

6500 

3370 

2280 

1024 

32768 

4096 

8 

Student 

6500 

3470 

2180 

64 

8192 

16384 

9 

Ca. of bladder 

10000 

6000 

3000 

8192 

65536 

32768 

10 

Student 

8000 

5600 

2000 

4096 

8192 


1 1 

t* 

8200 

5660 

2050 

4096 

8192 


12 

Lab. Asst. 

6200 

4030 

1674 

2048 

16384 


13 

Student 

7400 

4810 

2000 

8193 

16384 


14 

» 

8600 

5300 

2600 

4096 

8192 


15 


6500 

3900 

1950 

16384 

65536 

1 

IG 


7200 

5040 

1800 

2048 

4096 



Banti’s syndrome 

4600 

2600 

1426 

4096 

8192 

- i 


The figures for the leucocytes are the average of four counts at 7-day intervals, 
commencing at tho tirao of inoculation. 
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Avcre 1 : 20JS and 1 : -1090. Only 2 individuals gave litres of below 
1 : 12S, •whereas 12 showed litres above 1 : 512. 

The difl'erenccs in litres between the two groups 14 da3’s after 
injection were still apparent. The most frequent litres in the test 
series were from 1 : 12S to 1 : 512, wliich were recorded in 13 out of 
the 29 case.s examined. Pour patients gave values ranging from 
1 : 4 to 1 : 04, 6 from 1 : 1024 to 1 : 4090, and 0 .showed agglutination 
at 1 : 8192, wliich was the highest litre recorded for this group. The 
corresponding values in the control .scries ranged from 1 : 1024 to 
1 : 05,530, the most frequent values (14 out of 17) ranging from 1 .' 8192 
to 1 : 05,530. 

The number of determinations carried out in both lest and control 
groups for the 21-dn}’ period were mueh fewer in number. Out of the 
IS results for the test serie.s, 11 ranged from “no agglutination 
(0) to 1 ; 512, and 7 from 1 ; 1024 to 1 : 10,384. TJie most frequent 
result was 1 : 512. Of the 9 tc.sts carried out in the control group 
0 gave values ranging from I : 10,384 to 1:32,708; the other 3 
gave readings of 1 : 512 to 1 ; 4090. 

The detailed results arc shown in table I. In each case only 
the average figures for the four 10000034:0 counts are given, as the 
variations recorded in the con.secutivo counts at 7-da3’' intervals were 
not substantial. In the ly'mphopcnic group there was a tcntlenc3' 
for the I0UCOC34CS to diminish still further during the course of the 
experiment. The average total leucocy'te counts in the test group 
ranged from 2200 to 7900 (polynnorphs 1700-C500, h'mphocy'tes <2- 
093, monocydes 140-550) per c.mm. The corresponding values for 
the control group were : — total leucocytes 4000-14,900, polymorphs 
2000-11,500, lyunphocydes 1100-3000, monocytes 130-740 per c.mm. 

Discussion 

The results suggest that there is a delay in the production of 
antibody and a diminution in the amount produced in the test senes 
as compared ■with the controls, and that this is associated wth a 
reduced number of circulating lyunphocydes. TJie differences in titro 
are especially marked when results obtained 7 day's after injection of 
antigen are compared. It can of course bo pointed out that during 
this period the polymiorphonuclears and the monocytes wore also 
reduced in number, and further tliat the inliibition of antibody 
production could be explained by the partial blockage of the reticulo- 
endothelial system by the cellular debris of organs and remains of 
broken dp-wn lymphocy'tes caused by radiation. That tins could not 
be the correct explanation is suggested by the experiments of Murphy 
and Sturm, who exposed rabbits to dry heat before and after the 
injection of an antigen. These animals developed a marked lynnpho- 
cytosis and produced antibodies in far higher titre than rabbits not 
so exposed. As there is no evidence that dry heat has any effect 
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on macro- and microplmges the response of these animals to dry heat 
cannot he explained by hj^jeractivity of the reticulo-endothclial 
system. The cellular response -writlnn lymph nodes during antibody 
production is lymphocytic (Ehrich and Harris), and this is followed 
by an outpouring of antibody into the efferent lymph (Harris €,t cil^y 
1945). The same workers have also shown that granulocytes and 
macrophages do not contain antibody, even during the period of 
maximum agglutinin production, and that they do not synthesise 
bacterial agglutinin against typhoid and dysentery bacilli (Ehrich 
et al., 1946). 

The more probable explanation is that suggested by Bunting 
(1938), namely that the micro- and macrophages play no part in the 
elaboration of antibodies, but by breaking down antigens into simpler 
substances prepare them for utilisation by the lymphocytes. X- 
radiation, by its effect on the circulating lymphocytes and on those 
in the lymph nodes, woxild cause an inhibition of this function of the 
lymphocyte. The delay or failure of antibody response would then 
be proportional to the damage sustained by the lymphatic system as 
a result of radiation. 

Antibody production in tbe reticuloses 

Proliferative diseases of the reticulo-endotheb'al system cause 
large scale replacement and destruction of the lymph glands. To 
ascertain the extent to which this process would be associated with 
failme of antibody production, a group comprising 5 cases of lympho- 
sarcoma, 2 of lympho -follicular reticulosis, 3 of Hodgkin’s disease, 
7 of chronic myelogenous le\ik 0 smia and 5 of chronic lymphogenous 
leukaemia were subjected to the same test for agglutinin, response. 
Some of these cases were being treated by chemotherapy, some by 
radiation. 

With the exception of the 7 cases of myelogenous leukEemia, which 
were being treated by urethane, the titres obtained compared very 
unfavourably with the control series, the majority giving responses 
considerably lower than those recorded in the lymphopenic group. 
No significance is attached to the treatment of the myelocytic 
leukasmias by urethane in accounting for the higher titres obtained 
in this group. The results are given in table II. 

Moreschi (1914) observed that a patient suffering from lymphatic leuksmia 
who contracted typhoid fever failed to develop antibodies against Bad. 
iyphosum. He found from the literature that about 6-5 per cent, of patients 
suffering from typhoid failed to show specific agglutinins, and during the course 
of two years he inoculated with Bact. typhosum 2 cases of lymphatic leuksemia 
and 6 of myelocytic leufaemia to find out whether or not the failure of antibody 
response in his original case was likely to be due to the leukemia. Two of 
these cases had been treated by X-rays and developed agglutinins to 1 : 20 
The others showed no ex-idence of agglutinin formation. During the same 
period he observed a patient with Ijunphosarcoma who had acquired a para- 
typhoid B infection and who failed to develop agglutinins. 
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were 1 : 2048 and 1 : 4096. Only 2 individuals gave titrcs of below 
1 : 128, whereas 13 showed titrcs above 1 : 512. 

The differences in titrcs between the two gi'oups 14 days after 
injection were still apparent. The most frequent titrcs in the test 
series were from 1 : 128 to 1 : 512, which were recorded in 13 out of 
the 29 cases examined. Four patients gave values ranging from 
1 ; 4 to 1 : 64, 6 from 1 ; 1024 to 1 : 4096, and 6 showed agglutination 
at 1 : 8192, wliich was the liighest titro recorded for this group. Tlie 
corresponding values in the control series ranged from 1 : 1024 to 
1 : 65,536, the most frequent values (14 out of 17) ranging from 1 : 8192 
to 1 : 65,536. 

The number of determinations carried out in both test and control 
groups for the 21-daj'^ period were much fewer in number. Out of the 
18 results for the test scries, 11 ranged from “no agglutination” 
(0) to 1 ; 512, and 7 from 1 : 1024 to 1 ; 16,384. The most frequent 
result was 1 : 512. Of the 9 tests carried out in the control group 
6 gave values ranging from 1 ; 16,384 to 1 ; 32,768 ; the other 3 
gave readings of 1 : 512 to 1 : 4096. 

The detailed results are shorni in table I. In each case only 
the average figures for the four leucoc^do counts are given, as the 
variations recorded in the consecutive counts at 7-day intervals were 
not substantial. In the lymphopcnic group there was a tendency 
for the leucocjdes to diminish still further during the course of the 
experiment. The average total Icucocjde counts in the test group 
ranged from 2200 to 7900 (poljTnorphs 1700-6500, Ijunphocytcs 72- 
693, monocytes 140-550) per c.mm. The corresponding values for 
the control group were : — total leucocjdes 4600-14,900, polymorphs 
2600-11,500, lymphocytes 1100-3000, monocytes 130-740 per c.mm. 

Discussion 

The results suggest that there is a delay in the production of 
antibody and a diminution in the amount produced in the test series 
as compared with the controls, and that this is associated ■«dth a 
reduced number of circulating lymphocytes. The differences in titre 
are especially marked when results obtained 7 days after injection of 
antigen are compared. It can of course be pointed out that during 
this period the pol 3 Tnorphonuclears and the monoeytes were also 
reduced in number, and further that the inliibition of antibody^ 
production could be explained by the partial blockage of the reticulo- 
endothelial system by the cellular debris of organs and remains of 
broken doivn lymphocytes caused by radiation. That this could not 
be the correct explanation is suggested by the experiments of Murphy 
and Sturm, who exposed rabbits to dry heat before and after the 
injection of an antigen. Those animals developed a marked lympho- 
cytosis and produced antibodies in far liigher titre than rabbits not 
so exposed. As there is no evidence that dry heat has any effect 
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on macro- and microphagcs the response of these animals to dry heat 
cannot be explained by hjTeracthnty of the reticulo-endothelial 
sj'stem Tlie cellular response -ndtliin l3Tnph nodes during antibody 
production is Ijunphocytic {Ehrich and Harris), and tliis is followed 
by an outpouring of antibody into the efferent ly^mph (Harris ei al., 
1945). The same workers have also shown that granulocytes and 
macrophages do not contain antibody, even during the period of 
maximum agglutinin production, and that they do not sjmthesise 
bacterial agglutinin against tj^phoid and dj'sentery baciUi (Ehrich 
ei al., 1946). 

The more probable explanation is that suggested by Bunting 
(1938), namely that the micro- and macrophages play no part in the 
elaboration of antibodies, but by breaking down antigens into simpler 
substances prepare them for utilisation by the lymphocytes. X- 
radiation, by its effect on the circulating Ijunphocytes and on those 
in the lymph nodes, would cause an inhibition of this function of the 
IjTnphocyte. The delay or failure of antibody response would then 
be proportional to the damage sustained by the lymphatic system as 
a result of radiation. 

AntiJbody production in the reticuloses 

Proliferative diseases of the reticulo-endothelial system cause 
large scale replacement and destruction of the lymph glands. To 
ascertain the extent to which this process would be associated with 
failure of antibody production, a group comprising 5 cases of lympho- 
sarcoma, 2 of lympho-foUicular reticulosis, 3 of Hodgkin’s disease, 
7 of chronic myelogenous leukaemia and 5 of chronic lymphogenous 
leukaemia were subjected to the same test for agglutinin response. 
vSome of these cases were being treated by chemotherapy, some by 
radiation. 

With the exception of the 7 cases of myelogenous leukemia, which 
were being treated by urethane, the titres obtained compared very 
unfavourably with the control series, the majority giving responses 
considerably lower than those recorded in the lymphopenic group. 
No significance is attached to the treatment of the myelocytic 
leukaemias by urethane in accounting for the higher titres obtained 
in this group. The results are given in table II. 

Moreschi (1914) observed that a patient suffering from lymphatic leukaemia 
who contracted typhoid fever failed to develop antibodies against Bact. 
typhoaum. He found from the literature that about 6-5 per cent, of patients 
suffering from typhoid failed to show specific agglutinins, and during the course 
of two years he inoculated with Bact. typhosum 2 cases of lymphatic leukaemia 
and 6 of myelocytic leukajmia to find out whether or not the failure of antibody 
response in his original case was likely to be due to the leukemia. Two of 
these cases had been treated by X-rays and developed agglutinins to 1 : 20. 
The others showed no evidence of agglutinin formation. During the same 
period ho observed a patient with lymphosarcoma who had acquired a para- 
tjphoid B infection and who failed to develop agglutinins. 
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Howell (1920) obtained similar results in one case cacli of lympho- 
genous and mj'clogenous leukoemia, using T.A.B. as the antigen. 
The loss of ability to form agglutinins w’as attributed to the excessive 
proliferation of the hajmopoiotic system, one of the normal functions 


Table II 


Xo. 


Tolymorphs 

L>Tnphoc>*tc‘» 


Tltrc<i nflcr (days) 

TriMlmont 



1 

14 

21 

1 

146,000 

94,700 

1500 

Mvol. Iciik. 

8 

9192 

10,384 

Urcthnno 

0 

86,000 

38,500 

1250 

»• t* 

8 

384 

128 


3 

10,800 

9200 

117 

tf f 

0 

512 

1530 


4 

121,000 

88,000 

1940 

»* t» 

10 

1024 



6 

100,500 

59,000 

3100 

• * »t 

1024 

10,240 

10,240 

Xono 

G 

309,400 

212,500 

7050 


8 

1024 

128 

Urcthnno 

7 

53,000 

36,000 

1220 

• * »• 

4 

128 

128 

X-rny 

8 

48,000 

4800 

41,760 

Ljmph. loiik. 

0 

0 

0 

X-ray nnd 
urcthnno 

9 

48,000 

5760 

42,240 


4 

3072 

16,384 

Urcthnno 

10 

74,500 

9313 

02,200 

• t ft 

0 

0 

0 

X-rnv 

11 

100,000 

10,000 

88,000 


0 

0 

0 

Urothnno 

12 

120,000 

6000 

111,600 


0 

o 

64 

ft 

13 

6700 

5494 

603 

Lj'tnpbo.anrconjd, 

(onail 

64 

2018 

512 

X-ray 

14 

5400 

3868 

1134 


32 

32 

0 


15 

4000 

3000 

80 


0 

04 


Old X-rny 

16 

23,200 

12,800 

10,400 

Kct. cell snreomo 

0 

0 

0 

17 

7000 

3479 

3200 


0 

384 

250 

Urothnno 

18 

9500 

8300 

712 

Early Hodgkin 

0 

512 

2048 

Xitrogon- 

mustnrd 

■id 


2700 

294 

Lnto Hodgkin 

0 

0 

0 


win 


4144 

700 


0 

0 

0 

Xono 

11 


2990 

1320 

LjTTiphofoll. roll- 
culosis 

0 

80 

1024 

X-rny 

1 

4600 

2484 

1656 

Ljmphofon. reti- 
culosis nnd sar- 
coma 

0 

0 

0 

Xono 


of which was supposed to be that of antibodj’- formation. Un- 
fortunately she used a miero-technique and probabl 3 >- did not allow 
for the pro-zone phenomenon which in the present series was 
frequently observed up to dilutions of 1:8m cases giving positive 
results. 

Bernstein (1934) found that the increase of antibod 3 ’’ concentration 
which normall 3 ’- follows the intravenous injection of horse serum did 
not occur in 2 cases of leuktemia. Weinstein and Pitz-Hugh (1935) 
foimd that the parenteral administration of horse serum did not produce 
a rise in heterophil antibody titre in 6 cases of l 3 Tnphatic leuktemia. 
A similar failure to increase heterophil antibod 3 ’- by the injection of 
horse seum was found in one case of Hodgldn’s disease and in 2 cases 
of lymphosarcoma. The authors suggest that this indicates a biological 
relationship of these conditions to l 3 Tnphatic lenkajmia. The parenteral 
administration of horse serum to 3 cases of myelogenous leuktemia 
produced a marked rise in heterophil antibody, of the same order as 
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that produced in healthy adults. This fact Weinstein and Fitz-Hugh 
take to demonstrate a biological difference between the myelogenous 
and the lymphatic types of leukemia. ^ 

Discussion 

Lymphadenopathy is usually a late manifestation of m 3 ^elocytic 
leukaemia and is generally slight or moderate in degree. Marked 
enlargement is rare. On the other hand the most striking feature of 
lymphatic leukaemia is the early enlargement of all lymph glands. 
Extensive Ijnnph-glandular enlargement is also the chief feature of 
lymphosarcoma and Hodgkin’s disease. From the histological stand- 
point there is no sharp distinction between lymphocytic leukmmia 
and lymphosarcoma. In both conditions the normal gland structure 
disappears and the germ centres are not distinguishable. In Hodgkin’s 
disease the lymphoid tissue is replaced by proliferation of the reticulo- 
endothelial cells and by fibrous tissue. The lymph glands in myelocytic 
leukaamia retain their pattern for a longer period : obliteration of the 
follicles when it occurs is a late event. 

It would not be unreasonable to assume that conditions which 
obliterate the architecture of the lymph gland would also destroy its 
function. This would account for the marked failure of antibody 
response in lymphatic leuksetnia, Hodgkin’s disease and lympho- 
sarcoma, as the cells in the lymph nodes in these conditions are 
abnormal, and however much they may resemble lymphocytes, they 
are incapable of antibody synthesis. In myelocytic leuksemia the 
retention to a greater extent of the morphology and function of the 
lymph glands would explain the higher titres obtained in this type 
of reticulosis. 

In this small series the titres were lower in the late cases of 
Hodgkin’s disease than in the one early case included. Similarly 
there were slightly higher titres recorded for the cases of Ijmpho- 
sarcoma involving the tonsillar region than for the more generalised 
form of the disease. The uncomplicated case of lymphofoUicular 
reticulosis showed some evidence of antibody production, whereas 
the other, showing sarcomatous changes, gave no agglutinin response. 
The failure of antibody formation in this group might well be related 
to the degree and extent of replacement of the normal lymphatic tissue 
by abnormal cells. 

SmUMABY 

The antibody response was tested in a series of 30 patients exhibiting 
a radiation-induced lymphopenia and in a control group of 17 
individuals with a normal blood-lymphocyte level. A suspension of 
Bact. paratyphosum A(H) was used as antigen. A lower level of antibody 
production was recorded in patients showing a low lymphocyte count. 
The significance of this finding is related to the immunological function 
of the lymphocyte. 

3. PATH. DACrr.— TOt. IX 
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A series of reticulo-cndotliclioscs comprising cases of myelocytic 
and IjTnphatic Icukremia, Hodgkin’s disease, lymphosarcoma and 
lyraphofollicular reticulosis was also tested for agglutinin response, 
whicli was found to he very poor cxcejit in tlio myelocytic leukaemias. 
Tlu's poor response is attributed to tlie degree of disorganisation of 
the lymph glands in these conditions. 
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LEUCOCYTES AND BACTERIA IX HUJLAX SE^IEX 
IHaGKE S^TSNTaSEK 

From the Kaplein TF. Wilhclmscn {L- Fntcs Baklcriologiskc Inelitutt, 

Oslo University 

Microscopic exanmation of human semen always reveals the presence of 
leucocytes. Their number ranges widely in different specunens and in poor 
semen they are often numerous enough to indicate that the physiological limit 
has been surpassed, although the average number of leucocytes in human 
semen is not stated in the literature. 

The purpose of the present work was to determine the average number of 
leucoojdes in samples of human semen which from other criteria were regarded 
as of normal fertility, to examine if an inverse relation coidd be disclosed between 
the number of leucocytes and number of spermatozoa, and to decide if any 
causal relationship could be established between the bacterial flora of the 
semen and the number of leucocjdes present. 


MaTEBIAI. AXD yiZTBOOS 

One hundred and twenty-eight samples of semen were examined from 
different men. Of these, 53 proved to be within the normal range as regards 
quantity, number of spermatozoa, proportion of motile spermatozoa and 
differential count. Seventy-five samples were of poor quality or even aspermic 
(table I). The leucocytes were counted in a Turck coimting chamber after 
careful stirring of the semen and subsequent dilution to 1 : 10. 

Bacteriological examination was performed on 50 samples, 18 normal and 
32 pathological. Aerobic blood-agar plates were examined after 24 hours at 
37° C. and anaerobic cultures after 48 hours. Einally a McLeod-Reyman’s 
plate was examined for gonococci after 24 horns at 37° C. in an atmosphere of 
10 per cent. COj. 


Results 

Number oj leucocytes in normal semen 

As is evident from table I, the 53 normal specimens with 60 nullion or more 
spermatozoa per c.c. showed leucocyte counts that ranged from below 1000 
to more than 10,000 per c.mm. The figures include polymorphonuclear and 
mononuclear tjrpes. 

The mean value for 53 normal specimens is 3325 leucocytes per c.mm, with 
a standard deviation of 2925 cells and a standard error of i402 cells. Thirty- 
seven normal samples (70 per cent.) are dispersed within a range of twice the 
standard deviation, which indicates a normal distribution. 

Little attention seems to have been paid to the number of leucocytes in other 
secretions, which might be used for comparison with this material. Laquer 
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(1912) stated that the number of corpuscular elements in the saliva ranged 
between 350 and 4800 per c.mm., the average of 33 counts being 2000. In the 

TABI.E I 

Number of leucocytes in relation to number of spermatozoa in 
128 samples of human semen (75 pathological and 53 normal) 


No. or 
spermatozoa 
(millions per c.c.) 

yo. of 
samples 

No, oriciicocjtcs per c.mm. 

SOO- 

1000 

1000- 

20oa 

2000- 

4000 

4000- 

COOO 

cooo- 

6000 

6000- 
J 0,000 

10,000. 

14,000 

itcun 
value j 

Pathological samples 

Aspermia 

23 

(i 

8 

n 

O 

2 

1 


HHI 

0-1 

c 

1 



o 

1 




1-5 

9 


1 

H 

T 

o 

1 



5-10 

3 



■■ 

n 



1 


10-20 

8 


4 





o 


20-40 

7 



■S 


o 

1 


r>ir,o 

40-00 

19 

4 

0 

c 


1 



2.')20 


7»*> 



Mean of 75 

pathological samplc.s 

= 4403 

Normal samples 

60-80 

32 

0 

0 

7 

6 

o 

1 

1 


80-100 

18 

o 

7 

5 


I 


1 


100 -)- 

3 

T 

1 


m 



1 



63 




Moon of 53 normnl samples 

= 3325 


gastric juice Westermann (1938) counted from 25 to 500 cellular elements per 
c.mm., 16-25 per cent, being Icucooj'tcs, with an increase to 30 per cent, in 
cases of gastric ulcer. 

Nxmher of leucocytes iti poor and aspermic semen 

Tliis group, with less tlian GO million spermatozoa per c.c., includes 75 
samples, of which 23 are aspermic. 

The mean figure for leucocytes per c.mm. in the different sub-groups (table I) 
is a little higher than the mean value of normal semen ; but the niunber of 
samples in each sub-group is too small to establish any conclusive statistical 
difference, with the one exception of the aspermic specimens. If this sub-group 
of 23 specimens with a mean count of 6450±70C leucocytes per c.mm. is 
compared with the 63 normal specimens — mean count 3326^:402 leucocj'tes 
per c.mm. — the difference is highly significant (t = 2-6864 ; P<0-01). 

If the borderline group with 40-60 million spermatozoa per c.c. is excluded, 
the mean value of the remaining 66 samples is 6120±457 leucocytes per 
c.mm., which also represents a statistically significant difference from the 
normal. 


Number of leucocytes in relation to the bacteriological findings 

The origin of bacteria found in semen can never be ascertained with absolute 
certainty because of contamination from the urinary passages. But if the 
increased number of leucocytes is duo to a bacterial inflammation, a correlation 





























LEUCOCYTES A2^D BACTERIA IN HUMAN SEMEN 133 


■between the leucocyte count and the bacterial flora would bo expected. The 
low number of leucocj-tes rules out an acute infection, but a chronic inflammatory 
process might bo regarded os a possible source of these cells. 

Table n shows the different bacteria which were found in 18 normal and 
32 pathological specimens, os well ns the incidence of each species and the 

Table n 


Number of leucocytes in relation to bacteriological findings 
in 18 normal and 32 pathological samples of human semen 



lacHcncc 

(percent.) 

Komher of leucocytes per c.tnm. 

Bacteria 

500- 





soon- 


Mean 



1000 





10,000 


value 

Staph, albus . 

88 

o 



8 

5 

3 

6 

5040 

Corvnebacterium . 

76 

3 

8 

9 


4 

4 

5 

4100 

Gafllcya 

20 

1 

2 

5 


1 



3150 

Strep, pyogenes 
Xeisseriace® • 

42 



1 





4100 

14 


3 

4 > 




3 

5750 

Staph, aureus 

o 





1 



7200 

Strep, fcecalis 

30 


~ 

4 

2 

3 

1 


4100 

Bact. coli 

14 


3 

1 

2 



1 

4200 

Hcemophilus . 

4 



2 





3200 

Alcaligenes . 

2 

! 




1 



• 

4800 







ilean 

of 50 samples 

= 4470 


• A', eonorrhaa: was not fotmd fa any of the specimens examined. 


corresponding number of leucocytes in the specimen. The mean value of 
leucocytes in each sub-group does not differ markedly from the mean value 
of the whole group (4470±473 cells per e.mm.) and statistically the differences 
are without significance. 

Table HI shows the relation between the bacteriological findings and the 
number of spermatozoa per c.c. Evidently no correlation exists between the 
number of spermatozoa and the different species of organisms. In fable TTT the 
proportion of normal and of motile spermatozoa is also given. It should be 
observed that in the specimens containing Baeterium coli the number of motile 
spermatozoa is notably small, in contrast with the normal number of morpho- 
logically normal spermatozoa. Since most of the samples were about one hour 
old when the examinations started, the poor motility might arise from the 
production of acid by Bact. coli ; for these samples showed a lower pH than the 
others when examined with the potentiometer. 

This indicates that comparatively low motility of spermatozoa should be 
interpreted with due reserve if examination of the semen has been delayed, 
since contamination with Bact. coli may be responsible. 


SuMJIABy 

In 53 different samples of human semen of apparently good quality the 
number of leucocj-tes ranged between less than 1000 and more than 10 000 

ISs'S’’ standard deviation 

In a total of 75 samples of pathological semen, namely 23 aspermic and 52 
poor specunens, the number of leucocytes was increased. The 23 aspermic 
Mmples, alone and together with the samples containing less than 40 bullion 
noS vXes!'®^ ^ statistically significant difference from the 


J. Tsm. Di.ci.~rot. zx 


l2 












Table III 

Relation between nnmbcr of spermatozoa and bacteriological findings in 18 normal and 32 pathological samples of human semen 
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The heavy type In column 4 Indicates specimens jleldJnR /Met. roh. t Spcilniciw InslnR CO million or more siH-rmstorn.i per c c. arc taken as normal. 
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CATALYSE PBODUCTION AMONG COCCACEJE 

Bacteriological investigation of 50 different gpecimcns of semen did not 
disclose any relation between the bacteriological findings and the number of 
leucocytes. In consequence ifc may be assumed that- the increased number 
of leucocytes in poor semen depends on non-infective, and probably degenerative, 
processes. 

The specimens containing Bad. coli showed low motility, possibly duo to 
acid production. 
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CATALASE PRODUCTION BY GRAJI-POSITDTE COCCI: A SDIPLE 
TEST FOR DIFFERENTLATING ENTEROCOCCI FROM iHCRO- 
COCCI 

Amck Isaacs, McCunn Research Scholar 
and 

J. M. ScotrrxEB 

From the Department of Bacteriology, The University and 
Western Infirmary, Glasgow 

In the generally accepted classification of the Gram-positive cocci (Coccacese) 
the streptococci are distinguished from the other members of the fairdly by their 
ability to form chains in culture. The genus Streptococcus has now come to 
include the pneumococcus and the enterococcus, neither of which shows 
invariably a strong tendency to chain formation. Apart from chaining, it 
would appear that no important cultural, biochemical or antigenic features have 
been stressed as being shared by all the members of the genus Streptocoecus. 
Sometimes considerable investigation is required before a conclusion can he 
reached that an organism should be classed as an enterococcus. 

During observations on peroxide production by streptococci the use of the 
catalase test suggested itself as a satisfactory differential character. Apart 
from the original work of McLeod and Gordon (1923) in which Staphylococcus 
and Sarcina are described as catalase-positive and Streptococcus and pneumo- 
coccus as catalase-negative, no references have been foimd to a systematic 
investigation of catalase production by the aerobic Gram-positive cocci. Also 
none of the standard text-books of bacteriology mention the catalase test in a 
classification of these organisms. 

Methods 

A few c.c. of a fluid culture in broth or peptone water or an agar-slope culture 
is convenient for the test. One to two c.c. of a 10-volumes hydrogen peroxide 
solution are added and the evolution of gas is noted. Similarly, a single colony 
from a Petri plate may he removed by a platinum loop and introduced into a 
test-tube with 1 c.c. of peroxide solution ; in selecting colonies firom blood 
agar care must be taken not to touch the medium. Occasionally the platinum 
whe may decompose peroxide very slowly, with the evolution of tiny bubbles 
of gas. This difficulty can be avoided by emulsifying the colony in a drop of 
peroxide solution on a clean glass slide, when examination by naked eye or 
with a hand lens will show whether bubbling occurs. 

Genus Streptococcus. One himdred and sixteen strains have been tested, 
wmprising 54 strains of streptococci (including Lancefield’s groups A, B, C, 
, G, H, L and N, 23 hemolytic and 31 non-hamoljdiic and viridans) ; 20 
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strains of pneumococci (including tjT^cs I, II, III, V, VI, '\^II, X, XI, X\'T 
and XiXI, and two strains not tj-pod) ; and 42 strains of enterococci (of whicli 
all were resistant to lieating at 66° C. for 30 minutes, 40 fermented mannitol 
(Dible, 1929), 40 produced acetyl methyl carbinol (Barritt, 1936; Lominski, 
Harper and Isaacs, 1946), 11 were hicmolj'tio, 12 belonged to Lancefield’s 
group D and one each to group E and group F : one strain of Streptococcus lique- 
faciens, group D, was also included). All were catalase-negative. 

Genus Micrococcus, Staphylococcus and Sarcina. Of 146 strains tested all 
produced catalase. They consisted of (o) micrococci, 76 (t.c. organisms which 
form clusters and do not produce chains, but are distinguished from the poten- 
tially pathogenic staphylococci by ono or more of the following characters : 
largo size of the individual cocci in culture, failure to develop lucmolysin or 
coagulaso, absence of pigment or production of pigment that tends not to bo 
of the awrciw colour) ; (6) pyogenic Staphylococcus aureus, 60 ; and (c) sarcinre, 11. 

A more detailed identification of the micrococci and sarcintc was attempted 
on the basis of tho classification given by Bergoy ct al. (1939), when the follow- 
ing varieties were foimd : — Staph, epidennidis. Micrococcus Jlavcsccns, halophilus, 
Candidas, ochraccus, ccrcus, conylomcratua, cinnebareus, rhodochrous, eptmetheus, 
nitrificans, subcitrcua, Jlavtts, percitreua, aurantiacus, renopua, subjlavcsccns, 
freudcnrcichii, variana, lulcus and cpidemtidis, Oajjkya tetragena and vcrnctii, 
Sarcina Jlava, subjlava, lutca and vrew. 

Summary 

Ono hundred and sixteen strains showing tho morphological and cultural 
attributes of tho genus Streptococcus aro all catalnso-negativo ; in contrast, 
strains classified ns Micrococcus, Staphylococcus and .Sarcina, of which 146 
were tested, aro all catnlaso-positivo. Tho presence of catnlaso is of fundamental 
importance to tho metabolism of tlio bacterial coll and its ability to surWvo 
in culture. It seems reasonable, then, to soparato tho members of the genus 
Streptococcus, which do not produce cataln.so, from tho catalase-positive 
micrococci. 

Apart from its interest in classification, tho catalase reaction has been found 
a useful practical test in routine laboratory work. Its groat advantage is its 
extreme simplicity and rapidity — it can bo carried out more quickly than 
staining by Gram’s method. Tlius a Gram-positive coccus isolated from blood, 
urine or pus, or tho throat etc., which shows neither chaining nor tho tj-pical 
microscopic and colonial morphology of Staphylococcus aureus or albus can bo 
readilj'' assigned to tho genus Streptococcus or Micrococcus. 

This work was carried out with tho help of a grant from tho Rankin Jlcdical 
Research Fund, Glasgow University. We should like to acknowlodgo with 
thanlcs receipt of strains from Dr Shnttock of tho National Institute for 
Research in Dairying, Dr J. Jlalcolm and Miss Campbell of tho Agricultural 
College, Glasgow, and IMr F, W. Jollts of tho British Postgraduate School, London. 


Bamutt, M. JI. 
Beboey, D. H., et al. 

DiBiiE, J. H. . . 


REFERENCES 

1930. This Journal, xlii, 441. 

1939. Manual of determinative bacterio- 
logy, London, 6th od., p. 230. 

. . 1929. A system of bacteriologj% Medical 

Research Council, London, vol. ii. 


p. 124. 

Lominski, I., Habpeb, E. M., and 1940. This Journal, Iviii, 607. 
Isaacs, A. 

McLeod, J. W., and Gobdon, J. 1923. This Journal, xxvi, 326. 



mTRACUTANEOVS INJECTION OF CATTLE 


137 


578 . 089 . 821 : 619 . 21 


further consideration of sojie of the FACTOTS 

CONCERNED IN INTRACUTANEOUS INJECTION OF CATTLE 


W. M. Hendehsok 

From the Research Station (Foot-and-Mouth Disease Research Committee), 

Pirbright, Surrey 


In 1944, Henderson showed the rapidity with which an inoculum reaches 
the pre-scapular lymph node of the ox after intracutaneous injection of the 
neck. The sroaUest volume then injected intracutancously was 0-5 c.c. and 
the follo^ving opinion (p. 323) was expressed : “ WTien a large dose is given 
intracutancously the pressure required for injection no doubt contributes to 
the rate of absorption but tliis can hardly apply in the case of the 0-5 c.c. 
dose ”. The results of further experiments performed with smaller doses make 
it necessary to revise this opinion. 


Methods 

The same methods as those described in the earlier report were used to 
determine the rate of absorption after intracutaneous injection. Briefly these 
consisted of injection of the skin, slaughter of the cattle at interv’als after 
injection and immediate removal of the regional lymph node for macroscopic 
examination for evidence of the inoculum having reached the node. Observa- 
tions were also made on ansesthetised cattle and on dissections of the skin of 
the neck and underlying tissue after removal from slaughtered cattle. 

The inoculum used was india ink, which proved to be more easily detectable 
in the lymph node in small quantities than a 1 per cent, solution of trypan 
blue, the inoculiun used in the earlier experiments. 


Results 

Ten Devon steers were used for a series of injections of OT c.c. of india ink 
in the mid-line of the side of the neck about 8 in. cranial to the pre-scapular 
lymph node. Most of these cattle were injected on both sides of the neck, thus 
providing two observations. The results, shown in table I, are identical with 
those obtained for the injection of 0-5 c.c. of a 1 per cent, solution of trypan blue 
under the same conditions (Henderson). 

Fom cattle were used for intracutaneous injection on both sides of the neck 
at a point 1 in, caudal to the base of the ear, that is, about 14 in. from the 
pre-scapular lymph node. The same rapid involvement of the node was observed 
(table II). 

It has been shown that an intracutaneous injection is almost entirely 
intralymphatic (McMaster and Hudack, 1935 ; McMaster and Bddd, 1937 ; 
Henderson, 1944) and the results in tables I and H demonstrate conclusively 
that even with an intracutaneous dose as small as O-l c.c. some of the inoculum 
will r^ch the regional lymph node in a very short time. In the following 
experiments an attempt was made to study the mechanism of the rapid flow 
of the inoculum from the site of injection to the regional l 3 unph node. 

In order to eliminate the effect of movement on the rate of absorption, three 
cattle were anasthetised by inhalation of chloroform until the comeal and anal 
refloxOT ceased. They were then injected intracutaneously with 0-1 c.c. of 
India ink at. a site 1 in. caudal to the base of the ear, the animal Ijing on its 
side with the foreleg drawn back to puli out the folds of skin on the neck. The 
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skin of tlio neck of cncli nnimnl wns Ikon reflected nnd the inlc-filled Ijinph 
vessels traced towards the pro-scapular Ij-mph node before the animals were 
slaughtered while still ana'sthetised. In each case, within a few minutes of 
injection, the ink had travelled from 5 to 10 in. but had not reached the node. 

Tault; I 

Iniraciitancous injection of the neck of cattle ; detection of india ink in the 
pre-scapular lymph node after injection of 0-1 c.c. about 8 in. from the node 


Animn] no. 

Side Injected 

Xoilo rcinovpd (•>crontl« nflor 
rommencrmi*nt of Injection) 

! 

ItC'Ult 

C/.'iG K 

Left 

27 

_ 

. 

C/58 K 


40 

Trace 

0/59 K 


47 

- 


C/57 K 


53 


« 

C/58 K 

Right 

58 

- 

e- 

C/Cl K 

Loft 

CO 


- 

C/G3 K 


CG 


- 

C/C2 K 


70 


- 


Right 

70 

j 

L 

1 C/Cl K 

,, 

71 

- 


1 C/C3 K 


75 

- 

- 


Loft 

90 

- 

- 

; c/53 K 


99 

- 

- 



129 

4- 

! C/GO K 


138 

4* 

! C/37 J 


150 

-f 

i 


180 

4 


Tablk II 


Intracutaneous injection of the neck of cattle ; detection of india ink in the 
pre-scapular lymph node after injection of 0-1 c.c. about 14 in. from the node 


Animal no. 

Side Injected 

Jvodc removed (Kecond»» after 
commencement of Injection) 

Rc'iilt 

c/23 L 

Loft 

48 

+ 


Right 

55 

O- 

C/22 L 


120 

4 - 

C/24 L 

Loft 

130 

+ 


150 

— 

C/25 L 

Right 

150 

4- 

Loft 

300 

-j- 

” 

Right 

390 

4- 


A number of fresh dissected specimens were used for injection and it was 
found that an intracutaneous dose of 0-1 c.c. of india ink about 8 in. from the 
lymph node was sufficient to bring about travel of the ink to the node ns an 
immediate and direct result of the pressure of the injection. 


Discussion 

Although after using 0-5 c.c. doses it had been falsely concluded that the 
pressure required for intracutaneous injection of such volumes would not 
contribute to the rate of Ijunplintio obsorption, the statements regarding the 
rapid involvement of the regional lymph node remain true. From the results 
of the experiments with dissected specimens there is no doubt that the prcssiwo 
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required for the intrncutoneous injection of O-l c.c, is, in itself, sufficient to 
account for the rapid appearance of the inoculum nt the regional lymph node 
vrhon the distance between the injected site and the node does not exceed 
8-10 in. Tlie fact that injections made at a greater distance in nnEcsthetised 
cattle failed to stain the node whereas ink injected nt the same site in the 
unrestrained animal reached the node within 48 seconds (table II) suggests that 
movement of the part may assist further travel beyond the point reached by 
the effect of pressure. Apparently, when a fluid is injected into the bovine skin, 
the lymph %'essels of the rich cutaneous plexus are damaged. This enables the 
injected fluid to flow into these vessels through rents in their walls and the 
presence of valves in the vessels draining the skin directs all flow towards the 
regional lymph node, so that within seconds of injection much of the inoculum 
will have left the skin and some may have reached the node. It is of special 
interest that this occurs after the injection of as small a quantity as 0*1 c.c., 
a volume which is frequently used in veterinary practice for injection of the 
skin of the neck of bovines in diagnostic tests, the most important example being 
the intradermal tuberculin test. The reaction at the site of injection in the 
sensitised animal is presumably due to some of the tuberculin remaining at this 
site, but one is forced to conclude from the results of the injection of O-l c.c. 
of india ink that most of the tuberculin has probably left the site of injection 
within a minute. It is sometimes noted in an animal reacting to the tuberculin 
test that, on the side of injection, the pre-scapular lymph node is swollen and 
painful. This involvement of the lymph node has been attributed to the 
reaction in the neck, but possibly the swollen and painful node is, in itself, a 
direct reaction to the tuberculin. 


Summary 

Experiments are described in which india ink has been demonstrated in the 
pre-scapular lymph node of the ox within 40-50 seconds of the intracutaneous 
injection of the neck with volumes as small as 0-1 c.c. 

An intracutaneous injection is almost entirely intralympbatic and this rapid 
flow towards the regional Ijmph node is largely- the result of the pressure 
required to make the injection. 

The possible significance of these observations is mentioned in connection 
with the intracutaneous injection in veterinary practice of diagnostic agents 
such as tuberculin. 

I am indebted to Sir W. J. Brownsea for his technical assistance. AU the 
observations entailing the kiUing of cattle were made on healthy animals that 
had to be slaughtered for other reasons. 
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ELEMOLYSIS IN FRESH BLOOD FILMS 
J. G. Thomson 

Department of Pathology, The Medical School, King's College, and 
Royal Victoria Infirmary, Newcastle upon Tyne 

Fresli dried blood films aro received in this laborntorj' from tho wards for 
morphological examination, unfixed and unstained, ns wo prefer to do our own 
staining. Occasionally these were unsatisfactory in that tho whole or greater 
part of tho films showed hrcmolj’sis of tho rod blood cells, a change readily 
evident to tho naked oyo, ns tho normal ground -glass appearance was replaced 
by clear or translucent areas. Tlio blood films wore always preparetl by tho 
same technicians, and it was considered worth while to try and find out tho 
cause of tho hremolj'sis. At first it was thought that hremolysis occurred during 
tho drying of tho film. MHion a fresh blood film is waved in or above a bunson 
flame, immediate hremolysis occurs if tho slide is tilted at an angle to tho 
horizontal. Tlio water vapour produced by tho combustion of tho gas is 
sufTiciont to cause instantaneous hremolysis, but if the slide is warmed before 
tilting, no hremolysis results. Tliis, however, was not tho explanation, ns it 
was found that no heat was used in drj’ing tho films ; tho slides were waved 
in tho air until they were dry and were then wrapped in filter paper and sent 
to tho laboratorj-. As moisture seemed to bo tho most probable factor in 
causing the hremolysis, tho effect of moisture on fresh unfixed blood films was 
investigated directly, with unexpected findings. 

If a drop of normal snlino is put on a fresh dried blood film tho result is 
immediate hremolj'sis. Tlio area of film covered by snlino becomes clear and 
the hremoglobin from tho Inked cells is evident as a rod deposit in tho centre of 
tho drop. Later tho hremoglobin goes to tho peripherj' ns tho drop dries. Blood 
films were similarly treated with drops of oxnlatcd plasma and of fresh human 
serum and in each case immediato hremolysis resulted. Salt solutions, normal 
or hypertonic up to a saturated solution of sodium chloride, had a similar effect. 
It would seem that drj’ing produces irroversiblo changes in tho red blood cells. 
Tlie alteration is a verj' rapid ono : ns soon ns tho ground-gloss nppearnneo is 
evident in a blood film — usunllj’ a few seconds after it has been made — tho 
addition of serum or plasma causes hremolj’sis. If plasma is added before 
drj’ing occurs there is no hremoij’sis, tho red blood cells float off tho slide and 
behave just like a suspension of rod blood colls in nnj’ suitable fluid medium. 
It would appear from this that an aqueous fluid free from fixatives, irrespective 
of its salt content or osmotic pressure, produces Inking of tho red blood colls 
in fresh dried films. Direct examination of such preparations suggests that tho 
process is one of simple solution and not tho result of osmosis. At tho periphery 
of the drop of plasma can bo seen many cells half in and half out of it. Tho 
portion of each such coll in tho plasma has lost its hremoglobin, while tho other 
half, outside tho plasma, retains its hremoglobin. Tho amount of moisture 
required for this hremolysis shows no relationship to tho normal water content 
of tho film before it was dried. Indeed, it is possible to show that tho water 
vapour coming from a fresh moist blood film is sufficient to lake tho red blood 
cells of a dried blood film. If a dried blood film is superimposed on a freslilj’ 
prepared moist blood film but prevented from touching it bj- small pieces of 
thin cardboard at either end, and the whole placed under a watch-glass to limit 
the diffusion of the moistiuo, the dried film will show a central strip of hremo- 
lysis. The experiment will not succeed if tho air is so dry that appreciable 
drying of the moist film occurs before the two can be placed in apposition, and 
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in my hands ifc has been successful only on cold wot daj-s and by the use of a 
moist film thicker than usual. The moist film also may show areas of haemolysis 
particularly in its thinner portions. Tliis is probably the explanation of those 
areas of liEcmolysis found in blood films which are allowed to drj' slowly. Such 
films may bo seen when students ignore instructions to drj’ blood films quickly 
by wa\'ing them in the air, and lay them on a bench to dry ; presumably the 
water vapour coming from the film is not dispersed by air currents, and is 
available to hsemolyse those red cells which have already dried. Tho rapidity 
with which fresh dried red cells will hremolyse when in contact with plasma 
or serum may be the explanation of the hajmolysis of blood by repeated freezing 
and thawing. The freezing might well dry tho red blood cells sufficiently to 
permit of htemolysis when the melted plasma comes into contact with them 
on thawing. 

In view of these findings the explanation of tho laking of the films received 
in this laboratory was readily understood. The dried blood films were wrapped 
in filter paper, through which moisture can readily penetrate, and whether 
they were carried in the hand or the pocket, whether the weather were warm 
and the bearer’s hand perspiring or not, determined the frequency and extent 
of the hsemolysis. A dried blood film in contact with the dry sldn of the hand 
firee fi:om sensible perspiration shows after a minute or two small clear spots of 
hsemolysis corresponding to the ducts of the sweat glands, and it is evident 
that insensible perspiration would be adequate to cause hjemolysis in a blood 
fihn wrapped in filter paper if held firmly for a considerable time. Since the 
blood films have been wrapped in ordinary, not filter paper, no further lysed 
slides have been received. 
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liOcturoB on tho liver and its disonsos 

By H. P. Hmswon-rn. 1047. Oxford : Blnckwoll Scientific Publications. 
Pp. xiii and 204 ; 70 text figs, and ono colour plflto (4 figs.). 18s. Cd. 

This littio book on tlio liver cannot fail to appeal to pathologists, for 
it is ■jvritten wth vivacity and cliarm and displays a just appreciation of 
tho outlook of those who spend their lives wondering about tho mysteries 
of disease. There is something in these pages for every f >750 of pathologist 
whether he bo morbid anatomist or histologist, or prefers to think about 
and plan experiments on tho orderlj’ march of tissue reactions. From 
tlie verj' first chapter, tho author makes it clear that discn.so procc-sses are 
liis main theme, illustrating this admirable attitude by considering what 
happens in tho liver when its vascular Rupjily is disturbc<l, excretory 
mechanisms are put out of order or tho nutrition of tho liver coll is interfered 
with, Tho logical outcome of such a pathology is the emergence of a 
clinical mosaic, clearly enough defined for tho practical phj'sician, yet 
allowing a measure of freedom whereby overlap of interrelated tissue 
disturbance is allowed ond a place is reserved for future discoveries. Tho 
reader is constantly reminded of tho early stages of disease and is encouraged 
to put into application tho les-sons which can at present bo draum from these 
considerations. To cut adrift from tho conventional system of rigid clinical 
divisions requires skill and courage and this is the great merit of Professor 
Him.sworth's lectures. Only in tho closing chapters docs ho appear to falter 
and tho adoption of a formal classification of hepatitis suggests a concession 
to convention. Timo alone will show if tho stress placed upon dietary 
factors in hepatic disease is correct, but that is a minor matter compared 
with tho importance of making people think in terms of coll life and tlio 
intrinsic and environmental factors which influence it. Tho author is to 
be congratulated on tho care ho has given to his bibliographj’, in which 
adequate attention is paid to Briti.sh contributions, and on tho quality 
of his illustrations. Tho Trustees of tho Lowell Foundation at Boston 
deserve tho thanks of serious students of liver disease for making these 
lectures possible, while special commendation should go to tho publishers 
for the high standard of production of tho work. Very few errors have 
boon encountered and the index is adequate. 

The nature and. prevention of tho cereal rust^ fts exemplified in tho 

leaf rust of wheat 

By K. Staur Chester. 1940. IValtham, Mass. ; tlie Chronica Botanica 
Co. : London ; IVillinm Dawson & Sons Ltd. Pp. xi and 270 ; 12 text 
figs. $5. 

The group of fungi known ns tlio rusts comprises among its members 
some of tho most destructive plant pathogens. Bust diseases of the various 
cereal crops cause considerable reduction in jdold each year throughout tlie 
world, while the losses due to tho periodic opiphytotics are estimated at 
millions of bushels of grain. 
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Because of their economic importanco and mycological interest, the 
cereal rusts have formed the subject of investigations in all the largo grain- 
growing areas of the world. Tlie need for a comprehensive review of current 
knowledge is generally recognised. From the title and introduction it 
would appear that Professor aiester’s book was designed to supply such 
a need. His study is, however, restricted to Puccinia iriticiiia, the leaf or 
brown rust fungus of wheat. 

Regarded purely as an assemblage of information on this particular 
disease, the work is a valuable contribution to our knowledge of the cereal 
rusts. P. (ritidna occurs wherever wheat is grown. It is of varying 
importance in different countries, but, on the whole, the evidence bears 
out the author’s contention that, in the world wheat crop, it is second only 
to P. graminis (black or stem rust) in economic significance. 

The fficidial (sexual) stage of P. tritidna has been produced experiment- 
ally by several workers on species of Thalictrum, the meadow rue. IVhile 
fficidia have never been found on Thaliclrum in the wild state, it was 
assumed, until recently, that this genus functioned as the alternate host 
in nature. IVithin the last fifteen years, Russian workers have shown 
that the secidia of leaf rust occur in abundance on the basilisk, leopyntm 
fumarioides, in the Lake Baikal region of Siberia. This would appear to 
be the only reliable record of the aecidial stage of P. trilidna in nature. 

Like the majority of cereal rusts, leaf rust consists of a large number of 
physiological races, morphologically alike, but each capable of attacking 
only certain varieties of the host species. Presmnably the races arose, in 
the first instance, as a result of natural crossing on the tccidial host. It 
is to be regretted, therefore, that there is, as yet, no information available 
on the composition of the race flora in Siberia, where the basilisk is a 
native. In countries where the race flora has been analysed, the appearance 
of new races is attributed to mutation, or to change in composition of the 
race population by the selective action of the host varieties. The occurrence 
of particular races and the severity of the disease are conditioned to a great 
extent by environmental factors. Hence it is desirable that the methods 
and cultural conditions employed in race analysis should be standardised. 

The ultimate solution to the cereal rust problem lies in the use of resistant 
varieties. Professor Chester holds that an understanding of the distribution 
and behaviour of the races is an essential preliminary to breeding for 
resistance. In consequence, nearly half of the present volume is devoted 
to physiological specialisation and epidemiology. The two concluding 
chapters contain a review of theories on the nature of resistance and an 
account of the breeding work in progress throughout the world. 

An authority on cereal disease problems in the southern United States, 
Professor Chester is well qualified to write on leaf rust. Big book will be 
welcomed by plant pathologists in those regions of the world where the 
disease is a serious problem. The inclusion of a more general review of all 
the cereal rusts would have greatly increased the appeal of the book in 
coimtries such as Britain, where leaf rust is not a disease of much economic 
importance. 

The TJPAW handbook on the care and management o£ laboratory 

animals 

Edited by Alastaib H. Wobden. 1947. London : BaiUiere, TindaU and 
Cox. Pp. xvi and 368 ; 70 text figs. 31s. 6d. 

This welcome handbook fiUs an important place in the library of British 
aboratory text-books. Its twent 5 '-three chapters present a great deal of 
practical and expert advice on housing, breeding, feeding and handling the 
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common laboratory animals. Monkeys, dogs, cats and ungulates arc only 
briefly mentioned along with such rarely employed creatures as 8hro^vB, 
vampiro bats and reptiles ; but good sources of further information are 
given. Ev'erj'thing else of importance is fully dealt with, including such 
less often used animals ns the wild mouse, deer mouse, cotton rnt, vole, 
hamster, hedgehog, pigeon and canary. The method adopted in preparing 
the text was to have each chapter drafted by on expert and to collect 
supplementary information from answers to a widely distributed question- 
naire. The editor then appears to have put the whole together, adding 
some or all of his own contributions in parentheses. This method of 
presentation is not ideal since it fails in some chapters to present the 
information ns a coherent whole and involves unnecessarily public amend- 
ment of contributors’ statements. 


Symposium on modlcologal problems 

Edited by SAirDEi. A. Luvixsok. 1948. Philadelphia, London, Montreal : 
J. B. Lippincott Co. Pp. xviii and 255 ; C text figs. $5. 

Tlio value of joint mootings between members of the medical and legal 
professions in the promotion of a bettor understanding of each other's 
problems cannot bo over-rated. The value of a verbatim record of those 
meetings, however, is less certain. The present monograph is the record 
of six discussions of this kind in Chicago. It will doubtlc.ss bo of interest 
to thoso who wore present, and to other Americans, unable to attend, but 
it has little of permanent interest for the foreigner. Inevitably, the ciroum- 
stancos compelled each of the expert opening speakers to use language 
intelligible to the members of the opposite profession. In “ Trauma and 
Tumors ", discussion traversed familior ground. The discussion on " The 
medical witness in court ’’ might have been better termed “ Perjury by 
Medical Witnesses ”. It provides a somewhat startling sidelight on 
American practice, but no doubt the glaring coses cited will bo rare once 
the Jlinncsota plan is firmly established. Dr Dovidsohn gave a clear and 
useful account of the application of blood-grouping tests to questions of 
paternity, and Professor Inbau opened its legal aspect with a particularlj' 
snappy storj'. American methods of evading the rule against self- 
incriminotion in order to admit in evidence the results of tests for alcoholic 
intoxication are novel : they would bo received unfavoiuably in English 
courts. The discussion on artificial insemination is of interest suflicientlj* 
strong to discoimt the difiiculty experienced in rending an American text. 

The monograph is well produced ; it is apparently free from tj’po- 
graphical errors and there is an adequate index. In these days of acute 
dollar shortage, prospective purchasers might well make a personal inspection 
of a borrowed copy before parting with their five dollars. 


Standard znotbods ol the division of laboratories and roBoorch of tbo 
New York State department of health 

By A. B. Wadswouth. 3rd cd., 1947. London : Bnilli6re, Tindall & Cox. 
Pp. XXXV and 990 ; frontispiece and 120 text figs. 55s. 

This book will bo of interest to any one responsible for sotting up now 
departments, particularly of bacteriology. It is true that each man must 
work out his own salvation, but he may gain some help from studjdng 
this extensive and detailed account of the organisation and technical 
methods of a large and successful group of laboratories. It is clear from 
this volume that the Americans do not shrink from spending money on 
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laboratorj' work or fail to staff, equip and organise a project in proportion 

to its size. „ . - 

It is not certain, however, that British readers will oxpenenco as much 
enN’y as might be expected since our tradition prefers smaller laboratori^ 
developing on less formal lines and more often shaped by the influence of a 
personality or an immediate need than by the blueprints, however generously 
drawn, of a theoretically' perfect service. _ 

The volume itself is beautifully produced on excellent paper, but it is 
difficult to escape the feeling that much would be gained if critical selection 
of material were practised and the text reduced to about one-third its 
present length of over 900 pages. 


Principles oi medical statistics 

By A. Bkadfobd Hill. Fourth edition, 194S. London : The Lancet Ltd. 
Bp. xi and 252 ; 13 text figs. 10s. fid. 

In his preface to this fourth edition, the author refers to the misgh’ings 
he experienced as a result of the necessity of repeated reprinting of the 
third edition without amendment. The fact that he had to yield to such 
pressure is itself evidence of the wide demand for this book and the useful 
purpose which it sen-es. 

The main changes now made are additions, and include the interpola- 
tion of two extra chapters. Chap. IV — “The Average” — discusses the 
properties, uses and calculation of the mean, median and mode ; chap. XIX, 
on standardised indices, is an amplification of material which has been 
excised from the preceding chapter. In other places a discussion of the 
frequency polygon and histogram has been introduced, in addition to an 
explanation of the normal curve, and an expanded consideration of pitfalls 
such as those arising from selection. Tlie new material has been carefully' 
inserted in relation to the existing text with no sacrifice of continuity. We 
have failed to detect any slips or misprints, but we notice that the author 
himself has made a numerical correction of the third edition on p. 109. 

As is usual in new editions, the book has increased in size, hut not 
greatly ; it is still convenient to handle, and it is difficult to see how the exist- 
ing text could have been shortened without sacrifice of the truly remarkable 
clarity. This clarity is, of course, the outstanding feature ; one does not 
know whether mathematicians might cavil at over -simplification, but 
Professor Bradford HiU has succeeded to the full in making statistical 
methods intelligible to doctors. 


Gardiner’s Handbook ol skin diseases 

Fifth edition, 1948. Revised by John KurtrEAE, Edinburgh : E. & S. 
Lhingstone, Bp. xv and 250 ; 20 colour plates and 80 text figures, los- 

This book has reached its fifth edition and yet the author has succeeded 
in maintaining its original size and object, which is a book for students and 
general practitioners. This has been acliiei'ed by leaving out such subjects 
as the treatment of syphffis, which is nowadays the sphere of the specialist ; 
this has left room for a detailed description of such practical matters 
as the treatment of scabies. Recent advances in therapy have been 
mcorporated, though strangely enough no mention is made of the local 
treatment of sycosis with peniciUin. The pictures are apt and of high 
standard but we feel the histological drawings could be improved upon. ° 

1 . tixa aid — ^Toi. LX „ 
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Handbook of practical bacteriology 

Bj' T. J. Maokii: nncl J. E. i\lcCAnTN!:\'. 8tli edition, 1918. ICdiiibiirgii : 
E. & S. Livingstone, Ltd. Pp. viii and 624 ; 19 te-xt ligs. 26-!. 

Tlic eiglitli edition of this ])opnlnr book appears in a now form bcean-o 
an increa^-o of to.xt lins imposed a larger page. In the sovontli (19 (f)) 
edition tboro wore 720 pages, each 7ix4J indies; in this tboro aro 621 
pages, each 81x51 indies. Additional tc.xt given as an appendi.v in the 
two wartime editions lias now been incorporated in the ajipropriato 
cliaptei-s. 'J'lio now material inchidos an account of Monckton’s enrich- 
ment method for diplithoria bacilli, but a jilaco has not yet been found 
for Dubos’s cultural metliods for tubercle liacilli. 'i'lio well-known arrange- 
ment of earlier editions is retained and tlio book remains, ns it lias always 
been, a truly remarkable combination of systematic and practical bac- 
teriology. It offers the student a sound beginning and the practical worker 
a clear account of the jierformanco and interpretation of enough rolinblo 
methods to lot him tackle the routine diagnostic problems of medical 
bacteriology. 


Corrigendum 

“ A text-book of pathology," by E. T. BilLr,, sixth edition 

It is much regretted that an error appeared in our review of this book (this 
Journal, 1947, lix, 738). It was stated that the Anioricaii price is .$7 (a.s compared 
with the English jirico of oOs.), whereas in fact it is .$10. Wo offer an imrc.scrved 
apology to the author and ])ublishcr for this serious mis-sfatenient and the 
implication (in view of the English price) that there had been jirolitcering on 
somebody’s port. Editoii. 



PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 


2nd and 2rd January 1948 


The seventy-fifth meeting of the Society -was held at the Medical College of 
St Bartholomew’s Hospital, London, on Friday and Saturday, 2nd and 
3rd January 1948. 

Communications and demonstrations 


Those marked * are abstracted below 


Iwo Losukski. Inhibition of stapbyloeoagulase by certain antithrombins. 

R. S. Roberts. The isolation and purification of a heat-stable toxin from Bact, 
coK cultures. 

C. L. Oakeey and G. Harriet Warbace. The kappa and lambda antigens 
of Cl. wdchii. 

M. A. Soltys. A case of anthrax in a laboratory worker and observations on 
the possible source of infection. 

J. CHtncKSHASE and R. F. Mekzies. Luminous bacteria : their reaction on 
plate cultures to carbohydrates. 

R. D. Stuart. The diagnostic importance of urinary antibodies in leptospirosis. 
R. M. Fry and R, 1. N. Greaves. The preservation of bacterial cultures. 

J. W. McLeod. The epidemiology of diphtheria during the last twenty-five 
years. 

D. G. IT. Edward and V. D. Almson. A diphtheria-like disease associated 

with non-toxigenic diphtheria baciUi. 

I. M. Dawson and A. S. McFarijane. Morphology of vaccinia virus. 

G. L. Montgomery'. Involution changes in tubercle foUieles dtu-ing strepto- 
mycin treatment. 

L. P. Garbod. The bactericidal action of streptomycin. 

E. M. Darmady and A. W. Badenoch. The effects of stroma-free hasmoglobin 

on the isohffimic kidney of the rabbit. 

B. Lennox. The large-cell small-acinar th 3 U'oid tumour of Langhans and its 
genesis. 

J. C. Hawksley and G. H. Coobay. The histological study of fragments of 
gastric mucosa found in aspirated gastric juice. 

*M. A. SI. Abul-Fadl and E. J. Kino. The inhibition of acid phosphatases by 
formaldehyde and its clinical application for the determination of sermn 
prostatic phosphatases. 

C. M. Chu. The action of bacteria on human red corpuscles in relation to their 

agglutination by various agents, 

D. M. Pkyce. The arteritis of tuberculous meningitis and chemotherapy. 

N. J. Brown. A case of congenital tuberculosis. 

T. F. Hewer. Lipuria in tigers. 

*T. D. Day. The spread of fluids in connective tissue. 

R. J. Ludford, j. Smiles and F. V. Welch. A comparative study of living 
malignant cells by phase-contrast microscopy and ultra-violet-light photo- 
micrography. 
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W. T. Astduhy, L. Dmochowski, B. D. PASsny nncl B. Bnnn. Electron 
microscopo studioR of ti«RUCR from liigli nnd low breast-cancer strains of 
mice. 

J. Gouoit nnd S. E. "WnN'TwonTii. Transparent tissue slices for the demonstra- 
tion of pneumokoniosis nnd other conditions. 

G. Hadfiki-d. Tlio “ rheumatic ” lung. 

G. J. Cunningham. Triloculnto heart with hilnternl pulmonnrj' aneurysm. 

B. A. SiioOTun. Day -by-day variations in norma! gastric secretion. 

♦Alice lil. Bobinson nnd F. L. WAnnuN. The use of polnrographic analysis 
in the examination of pathological sera. 

A. Glucksmann. Local factors in the histogenesis of hypertrophic .“ears. 

.7. W. Onn, L. H. Sticki-and and D. E. Pnici:. The acute effects of p-dimethyl- 
aminonzobenreno (butter yellow) on the rat’s liver. 

F. R. Magahey. Filiform vegetations on the mitral valve. 

W. jr. Da\udson. Absence of the kidneys ns a cause of foetal and neonatal death. 

J. W. Landells. Intramedullary cjut of spinal cord rlue to the ccstode Multiccps 

mulliccps. 

A. C. P. Caotbell. Pnthologj’ of Weil’s disease. 

E. M. Brieoeb, .1. Smiles and F. V. Welch. Direct obseni-ntions of li\nng 
cultures of avian tubercle bacilli by means of annular, oblique, incident 
illumination. 

D. J. Tbevan nnd A. B. MacInt^he. Encephalitis in dogs. 

D. JI. Phyce. (1) Pulmonary arterio-venous angioma. (2) Tracheal bronchus. 
R. E. Rewell. *(1) Sarcoma of the tibia in a Coypu rat (Hh/orastor coi/piis). 

* (2) Seminoma of the testis in a collared turtle dove (StrrptopcUa mono). 

* (3) Perforation of the palate nnd destruction of the nasal bones duo to 
nocardiosis in a Bennett’s wallaby (Macropus riifoijnsea /rutictis). (4) 
Multiple gastric ulcers in an anaconda (Etincctrs inurinus). 

A. D. ItlonoAN nnd If. A. Sissons. A cn.so of bone sarcoma supervening on 
myositis ossificans. 

H. A. Sissons. Complexity of structure in bone sarcoma. 

K. C. Riciiaiidson. Silver impregnation of myoepithelium in thick sections of 

lactating mammary gland of goat. 

R. J. R. CuBETON. Diabetes insipidus associated with hypothalamic 
granuloma. 

G. j. Cunningham. Hypertension nssocinlcd with aberrant renal arteries. 

W. J. Hanbury. Recent additions to the museum of St Bartholomew’s 
Hospital, including: — (1) congenital renal abnormalities, (2) Wilms’s 
tumour after irradiation, (3) infarct of small intestine associated with 
hypertension, and (4) subacute bacterial endocarditis treated with penicillin. 
R. I. N. Gbeatos and R. JI. Fry. Some techniques for drying bacterial cultures. 
Ian Rannie and R. Sohade. Hromosiderosis following repeated transfusions. 

E. Klieneberger-Nobel. Capsules nnd mucoid substances of bacteria in 

stained preparations. 

J. Vallanoe-Owen. Histological demonstration of glycogen in necropsy 
material. 

J. V. Dacie and I. Doniach. Blood films and photomicrographs illustrating 
the relationship between siderotic granules and basophilic punctation in 
red colls. 

J. F. Hegqie. (1) Large cellular fibroma of lung — pneumonectomy specimen. 
(2) Colloid carcinoma of urachus. (3) Carcinoma at the umbilicus (? of 
vitelline duct). 

J. C. Cruickshank. a simple method of testing dye sensitivity of strains of 
Brucella. 

A. H. Oakley. The value of large paraffin sections mounted on lantern slides 
for teaching purposes. 
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Abstracts 

577 • 15 • (acid phosphatase) 

THE APPLICATION OF FORMALDEHYDE TO THE 

DETERSHNATION OF SERIDI ACID PHOSPHATASE 

M. A. M. Abot.-Fadl and E. J. ICing 
British Postgraduate Medical School, London 

Clinical interest in serum acid phosphatase has increased considerably since 
Gutman and Gutman (1938) first observed on increase of this enzjTne in the 
sera of patients with metastatic carcinoma of the prostate. The acid phos- 
phatase of the serum is not entirely of prostatic origin, and in doubtful cases, 
when the increase of the enzjune is not great, a method is required for measuring 
the fraction which is thought to have originated in the prostate, and contributes 
to the total elevated serum acid phosphatase. 

The alcohol incubation method for distinguishing and measuring the prostatic 
acid phosphatase (Herbert, 1944, 1945, 1946) is based upon the irreversible 
destruction of the prostatic enzyme fraction when the sermn is incubated with 
2/5ths its volume of absolute alcohol. This procedure has been criticised during 
the course of its use in routine work for not always yielding results which fit the 
clinical facts. Tire acid phosphatases of the red corpuscles constitute the 
greatest source of difficulty in serum acid phosphatase determinations in general 
and in the alcohol technique in particular. Leakage of these enzymes in 
considerable amount from the red cells into the plasma or serum can be brought 
about by the slightest degree of h.'cmolysis or even without measurable h®mo- 
lysis. This factor cannot be practically avoided in the usual waj' and errors 
are thus introduced. Other tissue acid phosphatases, e.g. those of the bile and 
kidney, are also affected by alcohol. 

The effect of formaldehyde on the various tissue acid phosphatases has been 
described in a previous communication (Abul-Fadl and Biing, 1947). Its lack 
of any action on the prostatic enzjme vmder certain conditions and its destructive 
effect on other tissue acid phosphatases and that of the red cells in particidar 
under the same conditions has been demonstrated. Since then, it has been 
successfully appfied in routine determinations of serum acid phosphatase. 

The method adopted is based on that of King and Armstrong (1934) as 
modified by Gutman and Gutman. One ml. of M/50 disodium phenyl phosphate 
and 2 ml. of citrate buffer (pH 4-95) are pipetted into each of 2 centrifuge 
tubes, together with 1 ml. of neutral 2 per cent, formaldehyde solution. The 
tubes are left in the water-bath at 37° C, for 3 min. to allow the contents 
to attain this temperature ; 0-2 ml. of serum is added to one of the tubes and 
the contents are mixed. The tubes are stoppered and kept in the bath for 
60 min. At the end of this time, 1*8 ml. of Folin-Ciocalteu phenol reagent (1 in 3) 
are added to each tube and 0-2 ml. of serum to the second tube. The 2 tubes 
are shaken and centrifuged and 4 ml. of the clear supernatants are pipetted into 
two test-tubes. After the addition of 1 ml. of 25 per cent, sodium carbonate 
solution, the tubes are replaced in the bath for 15 min. to allow the colours to 
develop. 

Tlie colour intensity is compared with that of a standard solution of 
phenol and reagent (4 ml.) which has been similarly treated with Na-CO, 
solution. * 

formaldehyde-stable unit is defined as the amount of enzyme which will 
0 ,^ 0 ^ PJ^snol from M/200 phenyl phosphate substrate per hour at 

t/. m the presence of 0-5 per cent, formaldehyde at pH 6. 
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The effect of formnldoliydo on the vnriouB ti'psuo acid phosphnlascs subjected 
to this procedure may bo summarised ns follows : — 

(а) The prostatic enzyme, in nnj’ amount, is unaffected. 

(б) The red-cell acid phosphatases, when present up to more than 140 units 

per 100 ml. scrum, nro almost 100 per cent, inhibited. 

(c) Normal serum and manj- other tissue acid [)hosphatasos suffer various 
degrees of inhibition from 40 to 70 per cent. 

For ordinary clinical purposes the following limits for the formaldehyde- 
stable serum acid phosphatase nro suggested : — 

Normal values . . . 0-3 units per 100 ml. serum 

“Suspicious" . . . 3-1-5 ,, ,, 100 ,, „ 

Prostntic . . . above 6-2 „ ,, 100 ,, ,, 

In most cases the simple formaldehyde technique will servo to distinguish 
between high acid phosphatases of prostntic origin and those accompanying 
other conditions. In doubtful cases this can bo confirmed with the alcohol 
incubation method if thought necessary. 

A valuable feature of the method lies in providing reliable results even in 
badly liKmolysed samples of serum or plasma. 
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6l6 — Ol8 . 2 

THE SPREAD OF FLUIDS IN CONNECTR’H TISSUE 
T. D. Day 

From the Department of Pathology, St Thomas's Hospital 
Medical School, London 

Wlien water or physiological saline was injected into loose connective tissue 
at a pressure of 10-20 cm. it became localised in the form of an oedematous 
tumour (Ranvior’s Boule d’oodfemo). In contrast, other fluids such as alcohol, 
ether, chloroform, xylol and aniline did not show this tendency to accumulate 
around the point of injection but spread evenly away from it. There was no 
reason to ascribe this difference in behaviour to surface effects since the rate of 
flow of water into the tissue was not altered by the addition of soaps or bile salts. 
Injections of mercury and of air, which do not wet the tissue, also spread rather 
than localised, but the spread was more imoven. Since the localisation of water 
could not be explained on purely anatomical grounds, it was suggested that actual 
combination took place between the water and the tissue. Comparison of the 
appearance under the dark-groimd microscope of freshly excised connective 
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tissue ^rith that of connective tissue swoUen -mth physiological saline sho-wed 
that neither the fibres nor the cells in the oedema tumour had increased in size. 
However, the apparently empty spaces between tlicm had widened considerably. 
Attention was drawTi to the way in which all the structures visible in such 
preparations moved together when the coverslip was pressed on, just as though 
they were embedded in some substance of relatively high viscosity. Tliis 
coherence was as apparent in oadematous as in normal connective tissue. It 
was concluded that the fibres and cells were embedded in a hydrophilic 
substance and that localisation of injected water was duo to combination with 
this substance. 

Over a period of four daj's, o litres of saline were run through an oedematous 
tumour measuring 3x2X0-8 cm. without anj' alteration in either naked eye or 
microscopic appearance. It was considered unlikely that the combination of water 
with the hydrophilic substance resulted in a solution, since a substance forming 
a solution would inevitably have been washed out of the tissue by such a 
procedure. Since it could not be washed out, it was thought possible that the 
hydrophilic substance might possess some sort of permanent structure. Were 
such a structure to exist, it would necessarily be least in evidence in the presence 
of water. On the other hand, withdrawal of water might be expected to reveal it. 

Cotmective tissue was accordingly treated with varying strengths of alcohol 
and acetone. It was found that, in strengths of alcohol between 50 and 
60 per cent, and of acetone between 20 and 30 per cent., the previously empty 
spaces between the fibres became filled with an opacity wliich, under the highest 
magnification, could he resolved into a system of veiy fine brandling fibrils 
embedded in pellicles of extreme thinness. These appearances only developed 
when the tissue was freely suspended in the mounting fluid and at the same 
time was prevented from retracting. These conditions were obtained by 
tethering the comers of an approximately square lamella of connective tissue 
with parafiin wax and by irrigation of the imder surface of the tissue to prevent 
Its adhesion to the slide. Once formed, the pellicles were permanent structures 
and did not disappear when the preparation was again mounted in water. They 
were, however, disintegrated within a few minutes by trypsin. After the action 
of trypsin, the tissue lost its cohesion ; its constituent fibrils instead of main- 
taining a fixed relationship to one another became free in the surrounding fluid, 
and were observed to move independently when the co^'erslip was prised upon. 

The transformation of the hydrophilic substance into visible pellicles and 
fine branching fibrils in the conditions mentioned could be effected not only by 
the action of dilute alcohol and acetone but also by protein precipitants such as 
trichloracetic acid and mercuric chloride. They also appeared when the tissue 
was treated with water adjusted to a pH between 3-6 and 3-8. From these 
facta it was concluded that this substance is a protein. 

Pellicles and fine branching fibrils only appeared in tissue treated with 
strong reagents. It is improbable, therefore, that these structures exist precisely 
as such in the living body. The fact that they form out of a previously structure- 
less substance is, however, significant. Furthermore, when formed, the other 
stractures such as fibrocytes, collagen bundles and elastic fibres seem tm- 
mistakably related to them. 


Summary 

Water, in contrast with other fluids, becomes localised when injected into 
oose comecUve tissue. Tliis is due to its combining with a hydrophilic substance 
wmch hes between the main fibrous components of the tissue and no rmall y 
3 oms them together. The substance does not exist in the tissue in the form of 
an amorphous colloidal solution but possesses a structure which may be revealed 
by dehydration. Reasons were given for regarding the substance as a protein. 
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THE USE OF rOLAKOOKAPTIlC ANALYSIS IN THE 
INVES’JTGATION OF PATilOLOCUCAL SERA 

AijICi; JI. RoniNsoN niul F. L. Wajiukn 
The. Patholoyi/ Dr part mint, St Jiarlholoinrw’t) Hospital, and the 
Physiology Dcpnrtmcvt, St Mary's Hospital Medical School, London 

TJio Btimulus to Kcrologicnl rcaenrt-li by poliirogruiiliic inctliotls was given by 
tlio Avork of Purr luui JtiiBsol (Ifl.’M) who sturHcfl the activating action of blood 
and Bcruin on certain enzyme KystcniB. 'J'liey fotiiul that blood considerably 
increased tlio ]jroleolytic j)roi)crtics of inactivated papain and catbepsin, and 
that blood from patients witli cancer exerle<l a smaller activating action than 
did nonnal blood. They a.scribc<l tbi.s activating actirm of blood to tlio siilpli- 
hyflryl groups of (bo blood proteins. Waldscbmidl.Loitz aiul I’lirr (10.11) 
c.stablished a similar relation between carcinoma and nonnal sera and attempted 
to make diagnostic use of this relation. 

Brdicka (1011), working in Prague, discovered that snlplnir-containing 
proteins gave characteristic ixilarograpbic waves when measured in ammonia 
buffers containiug traces of cobalt salt.s. Mcasureinont of tlio height of tlio 
wave could be used for the estimation of the quantity of jirotein. In 191C 
Brdicka became acquamtc<l with the work of J’lirr and Russel and applied his 
polarographic method to normal ami carcinomatous sera. He conlirmed the 
smaller quantity of suliihur-containing imiteins in carcinomatous sera. Direct 
comparison of native normal and native carcinoinatous sera showed little 
difference, but when the serum was given a preliminary treatment with dilute 
alkali in order to unmask disulphidic grmqjs existing in the interior of the 
protein molecule, diffcrcuees between the two types of sera became clear. 

An important advance in technique occurred when Brdicka (1018, 1010; 
Brdicka ct aU, 1010) demonstrated that fillratc.s i>ropnred from such alkali- 
treated sera after preciiiitation with sulphosalicylic acid showed much greater 
difTercnce.s between normal and carcinomatous sera. In thi.s case the difierenco 
was rever.sed, that is, the carcinonmtous .sera showed higher waves, indicating 
the prc.senco of more dil.sulphidic substancc.s than in the normal sera. Experi- 
mental evidence was brought forward that the seniin-filtrato waves are cnu.sod 
by degradation ])roduct8 of scrum jjroteins. 'J’hcso products, though smaller 
in molecular size than native proteins, are ncverthelc.ss of high molecular weight. 
Although soluble in bulplio^alicylic acid solutions they do not pa.ss through 
cellophane or parchment membranes. All the evidence points to their being 
proteoses or polypeptides containing cystine nuclei. 

Further work showed that a high tiltrato wave is not specifically characteristic 
for cancer sera. 'I'hey are also often obtained in cases of inflammation. In 
general the prc.seneo of foreign proteins in the blood stream — whether exogenous 
or endogenous (breakdown of tumour tissue, tlisijcnsion of foreign proteins from 
centres of infection or innammation etc.) — causes degradation of serum protein 
and the appearance of largo filtrate waves. 

Since 1039 over 15,000 sera have been examined by these methods in Prague 
and the general conclusions drawn from this largo quantity of material are that 

(а) there is an overlap between the upper normal limit for nonnal sera and the 
lower limit for early cancer (about 20 per cent, of cases fall into this category), 

(б) statistically there is correlation between the height of the wave and the degree 
of advancement of malignancy, (c) on surgical excision of the growth or successful 
irradiation the wave reverts to normal size, (d) motastascs are revealed by a 
new and gradual increase in wave size, (c) suitably treated cases with inflamma- 
tions, infections, and other non-enreinomatous disorders show a progressive 
decrease in wave height. 
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O-Bing probably to language difficulties these results of the Czech workers 
have been largely neglected in this country, but their study suggests that the 
method might he a valuable, if purely empirical way of assessing objectively 
the results of therapy in certain pathological conditions. With this object in 
view some preliminarj- investigations have been carried out. 

Tlie teclmique for the measurement of the serum filtrate waves has been 
standardised for use with a Tinsley ink-recording polarograph. 0-4 ml. of blood 
serum is treated with 1-0 ml. of zV/10 potassium liydroxide solution and allowed 
to stand at room temperature for 45 minutes. The proteins are then precipitated 
by the addition of 1-0 ml. of 20 per cent, sulphosalicylic acid solution. Tlie 
mixture is allowed to stand for exactly 10 minutes before filtering through a 
no. 50 Wffiatman paper. This time must be exactly adhered to, since longer 
standing in the presence of the precipitate decreases the filtrate wave obtained. 
The filtrate (0-5 ml.) is added to 5-0 ml. of a buffer of the following composition : 
N ammonia, NflQ ammonium chloride, .1//I00 cobaltihoxamine chloride. In 
order to render the solution oxj'gen-free 1 -0 ml. of a freshly prepared saturated 
solution of sodium sulphite is incorporated in 100 ml. of buffer. 

Polarograms are run between —0-8 and — 1-S volts. The instrument is set 
at a sensitivity of 50 micro-amperes. Tlie characteristic wave appeam as a 
roimded maximum having its greatest height at about —1-45 %-oits. These 
waves are different in shape from those shown in publications bj’ Brdicka and 
his collaborators, since the use of N ammonia instead of the A’’yl0 originally 
employed by the Czech workers develops roundctl maxima instead of double waves. 

With this technique, sera from 20 normal males gave waves vaiying in height 
from about 4 to 10 micro-amperes. With pathological sera wave heights up to 
40 micro-amperes have been obtained (carcinoma or tuberculosis). 

In an attempt to ascertain the value of the method in assessing the results 
of therapy a study of cases of prostatic carcinoma undergoing treatment with 
sjmthetio oestrogens is being undertaken. As an example of the results obtained 
the figures for one case may be quoted. 

A polarogram on the serum from this patient on the day preceding the 
beginning of treatment showed a wave height of 29 micro-amps. Five days 
after treatment commenced, the wave height was 18 micro-amps. After nine 
days’ treatment the wave decreased to 14 micro-amps. On the 34th day of 
treatment the wave height was 9-10 micro-amps., that is, just within 
.normal limits. 

In view of the fact that certain pathological conditions characterised by large 
waves are also known to sliow increased erythrocyte sedimentation rates, a 
parallel study of the two measurements has been made in both normal and 
pathological blood. In neither type is there any correlation between the two 
measurements. 

The results so far obtained confirm the ■view that the method maY be 
a valuable one for assessing the results of therapy in suitably selected cases. 


Brmck,4, R, 
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6i6 . 718 . 5—006 . 42 : 599 . 323 . 4 {Myocastor coypvs) 

SARCOMA OF THE TIBIA IN A COYPU RAT 
(MYOCASTOE OOYPUS) 

R. E. Rkweu. 

Zoological Society of London 

The subject wns a male coypu rat, MyocaMor coypwt, the “ Nutria ” of 
commerce, wliicli had been in the London Zoo sineo 7.10.42. In October lf)4C 
a swelling of the upper part of the right hind log was noticed and the animal was 
seen to bo unwilling to use that log. On palpation tlio swelling vran found to bo 
attached to the upper part of the right tibia deep to the muscles. Radiogrnphj' 
revealed that the bone had been complotolj’ roplaco<l by a rndiolucont growth 
for some distance below the epiphysis. Tliero was no evidence that the growth 
had burst through the periosteum or that now bone had been laid down at its 
periphery. The periosteum had been stretehod, however, and the muscles 
pushed aside. The appearances were thought to bo consistent with the presence 
of a mj’eloma, although the rest of the skeleton showed no radiological 
abnormality. On this assumption, treatment by the implantation of radon 
seeds was attompto<i, but the animal died on 20.12.40. 

At necropsy on the day of death, the animal was found to bo well nourished 
and with a good coat. The immediat-o cause of death was an extensive confluent 
bronchopneumonia which had started to break <iomi in places. The upper 
end of the right tibia was occupied by a ncojilastic ma.ss which had quite 
destroyed about one half of the length of the bone, but it did not appear to have 
burst through the periosteuni. On section it showed a uniform, greyish-white, 
soft substance with some firmer trabcculfe and a few irregular spicules of bone 
embedded therein. The whole mnas was about 5X3 cm. At its extremities 
it appeared to have a distinct edge and did not merge into the bone marrow. 
No abnormalities were found in otlier bones and no secondary growths in 
any tissue. 

Microscopically the tumour consisted of a mass of collagenous tissue with a 
number of irregularly arranged, elongated fibroblast-like colls. At the margins, 
these cells were more abundant and were collected into wliorls. The tumour 
cells showed a high degree of difTcrontiation and were not abundant except 
at the edges. The surrounding tissues were not invaded, but tlio tumour, which 
was large and rapidly growing, had caused extensive destruction of the substance 
of the tibia. It is best classified, therefore, ns a well-difibrentinted fibrosarcoma. 

Fibrosarcomas appear to bo quite common in many situations in domestic 
rodents (Feldman, 1932), but do not appear to have been reported before from 
this species. 
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616 . 68 1— 006 . 46 : 598 . 654 . 3 (Slrcplopdia risoria) 
semixo:ma of the testis in a collared turtle doms 

(STREPTOPELIA RISORIA) 

R. E. Keweli, 

Zoological Society of London 

Seminoma of the testis in mammals other than man is well iaiown, and. 
especially in the dog, where the histological appearances are identical with 
those of the human tumour. They occur also in the horse, bull and other 
domestic animals {Innes, 1942), although in the horse they are far less frequent 
than teratomas. In birds they appear to be rare, although Champy and Lavedan 
(1939) observed similar appearances in regenerating testes. In the case shown, 
the microscopical appearances were verj* close to those of the mammalian 
seminoma, while the tumour undoubtedly arose in a testis. 

The bird was an aviary-bred collared turtle dove (Strcplopclia risoria), of 
a fancy breed, aged approximately four years, sent in by a private breeder. 
There was a vague history of indisposition and emaciation for several months 
before death. At necropsy the body was still fresh and was somewhat emaciated. 
The only gross abnormality was an ovoid tumour, about 4/2 cm., which 
occupied the .site of the left testis. It bulged forward into the peritoneal cavity, 
pushing aside the intestine. Its surface was smooth and on gross section a 
uniform spongj’, soft, hrcmorrhagic structure was fomid. No secondaries were 
discovered, but it must be remembered that birds have no Ijnnph nodes. 

Histologically the structure, which was uniform tliroughout five blocks cut, 
consists of closely packed spheroidal, cells, all rather largo and well defined, 
each with a central rounded nucleus and abundant clear cytoplasm. Only 
a few mitotic figures are seen. Tlie stroma consists of a fine, scanty, fibrous 
network. It thus resembles very closely the seminoma of mammals. 
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616 . 716 . 2 — 002 . 45 : 576 . 852 . I (Nocardia) ; 599 . 2 

(Macropm rufogrisea fruHcm) 

PERFORATION OF THE PALATE AND DESTRUCTION OF THE 
NASAL BONES DUE TO NOCARDIOSIS IN A BENNETT’S 
WALLABY {MACROPUS RUFOGRISEA FRUTICUS) 

B. E. Reweuu 
Zoological Society of London 

Nocardiosis may be unfamiliar to many pathologists. It is a specific 
granuloma duo to infection with an organism of the genus Streptothrix and 
resembles human actinomycosis in its morbid anatomy and histology-. It is a 
serious u'sease of captive wallabies, accounting for 30 per cent, of their deaths 
(Scott, 19.0) or even as many as 47 per cent. (Fox, 1923). The infection usually 
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starts in tho jaw, causing chronic inflammation of tlio gums and erosion of the 
mandible and alveolus. It may, however, start clsowhoro in the mouth or in tho 
upper respiratorj’ tract, especially tho tongue, fauces, palate and nasal cavity. 
Tho disease also attacks tho lungs and tho glandular area of tho stomach, from 
which it may spread to tho liver or pancreas. Presumably these sites are 
secondarily infected from tho mouth. I,esions in tho lungs arc tho usual cause 
of death. Tlio condition is invariably fatal and at the London Zoo wo liavo 
had no success with either sulphonamides or jicnicillin. 


Caxr rrporl 

Idle subject was an elderly male Bennett’s Wallaby, Macropiix riijogrhm 
Jruiicus, bom in tho Gardens on llrfi May 1035. 'J'ho animat had been running 
free in a largo paddock and no history was available, but usuidly swelling of one 
side of tho face is noticed for some weeks. Tho animal dic<l on 2nd Kebruary 1017. 

At necropsy, tho hody was still well nourished. Tho soft palate showetl 
great thickening throughout and when this was incistHl a caseous ma.ss was 
revealed which extended up into tho nasal cavity and back into tho nn«o-phar,vnx. 
When the skull was cloanod by tho removal of most of tho soft tissues, tho 
process was seen to have caused c.xtcnsivo iicrforation of tho hard ]inlatc and 
destruction of tho nasal septum (except its ujjpcr part) and turbinate hene.s. 
Tho onlj; lesion in man likely to cau.so such a coiulition would bo a most extensive 
gumma, aikl indeed the two itrocessc.s bear a certain rascmblanco. Tho wallaby, 
of course, has no .«oft nasal cartilage.s. 'J’hcro was no inflammation of tho 
glandular area of tho. stomach, but both lungs conlainc<l many scallerotl 
caseous foci. 

Sections of tho edge of tho kvsions in tho lungs and pnlato showed a chronic 
granuloma with a thick layer of fibrous tissue surrounding a ca.scous centre. In 
tho outer edges of these lesions fuhgill bodies were soon ns short curved rods. 
In aerobic cultures tho fungus forms’ a branching mj’cclium, but this is not 
seen in tho tissues. 
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576 . 851 . 252 : 616 . 322 : 616 . 469 . 3 — 002 . 198 

THE INCIDENCE OE PATHOGENIC STAPHYLOCOCCI 
IN THE THROAT, WITH SPECIAL REFERENCE 
TO GLANDULAR FEVER* 

A. Colin P. CA^iCPBELL 

From a 'Royal Air Force general hospital and the Pathology 
Department of the University of Edinburgh 

In the population seirved by a Royal Air Force general hospital in 
England, which included the members of many R.A.E . stations in the 
surrounding country, sporadic glandular fever was a relatively common 
disease. In the routine examination of throat swabs &om cases of 
pharyngitis due to this and other causes, considerable growths of 
staphylococci were observed with suggestive firequency from cases 
of glandular fever. No note of any significant association of this 
kind was found in the literature. Many authors have stressed the 
fiequent occurrence of Vincent’s organisms and of hsemolytic strepto- 
cocci in this disease ; other organisms are only casually mentioned ; 
Staphylococcus aureus and albtis, pneumococcus, Rcemophilus influenzcs, 
and ^phtheroids. It is interesting to note that staphylococci, if 
mentioned at all, are regarded merely as “ ordinary ” organisms of the 
throat — a view not supported by any accurate observations that I 
know of. 

It seemed worth while, therefore, to investigate the incidence 
and significance of staphylococci and other organisms in the throat in 
glandular fever, in other diseases and in health. 


* Tho name “ glandular fever ” is used in. preference to “ infective ” or “ infectious 
mononucleosis ", because its historical priority and the advantage of its clinical 
descriptiveness seem to outweigh the fact that mononucleosis in the blood is a more 
constant feature than clinically striking glandular enlargement. 
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The flora of the throat in glandular fever 

One hundred and forty-eight throat swabs were examined from 
66 consecutive sporadic cases of glandular fever ; ns a control, 597 
swabs from 469 consecutive cases of pharjuigitis due to other causes 
were examined with equal care. All swabs were examined by direct 
smear for Vincent’s organisms and by inoculation on horsc-blood-agar 
plates. The great majority ■were also inoculated on Loeffler slopes 
and blood-tellurito-agar plates, but the re.sults of those cultures arc 
not considered further. Very few diphtheria bacilli were isolated 
during this period (none from cases of glandular fever), and 
diphtheroids were not recorded. 

The blood-ngnr plates were incubated oveniight, examined for 
hsemoljdic streptococci and provisionally for staph 5 'lococci next 
morning, and examined finallj’^ after a further 24 hours at room 
temperature, a procedure which was found to help considerably in 
the identification of staphjdococcal colonies, esi^eeially if growth was 
scanty. Representative staphylococcal colonics were tested for 
coagulase activity by the slide method of Berger (1943). Congulase- 
negative staph 3 dococci were not recorded in this investigation. They 
were in fact surprisingly' rare, in contrast to their incidence in the 
nose. A positive coagulase test was taken ns evidence of potential 
pathogenicity, without regard to pigment formation. In fact a 
coagulase-positive albus strain was isolated only' once from the 
throat in glandular fever and only' twice from other forms of 
phary'ngitis. Coagulasc-ncgative aureits strains in tlie throat were 
equally' rare. 

The number of the various organisms was noted as scanty (-f), 
moderate (++) or copious (-f-j — [-)• Very sparse growth — up to 
5 colonies per half plate for staphylococci — was considered negative. 
Growth with up to about 60 colonies of staphy'lococci per half plate 
were recorded as scanty. A synopsis of the diagnostic laboratory' 
findings in the cases of glandular fever is given in table I. Jlost 
cases were clinically obvious, but some of the milder cases presented 
only the picture of non-specific phary'ngitis. 

The classification of cases of pharyngitis other than glandular 
fever (table II) depended on the bacteriological findings, as my' only 
contact with most of these cases was the examination of the throat 
swab. For this classification, scanty numbers of hmmolytic streptococci 
or Vincent’s organisms were ignored, and only' -f -j- or findings 

regarded as causative. In this there is an element of inaccuracy', 
since the finding of numerous hmmolytic streptococci in a sore throat 
is not absolute evidence that they are its cause, and a negative result 
for Vincent’s organisms certainly' does not eliminate tliis infection, 
since throat swabs as ordinarily taken may fail to pick up these 
organisms even if present in large numbers. But such inaccuracies 
appear unimportant since all the pharyngitis subgroups show a 



STAPHYLOCOGGI IN THE THROAT 


159 


striking difference from the glandular fever cases in their incidence 
of pathogenic staphylococci. 

TABI.E I 

St/nopsis of laboratory diaynosiic criteria in 66 cases of 
glandular fever 

! 

Heteropliile antibody titro ; Panl-BunneU tecbniqao (8 cases) j 


Titro 

. 

- 

1:128 

1:612 

No. of oases 

- 

• 

3 

5 


Barratt technique* (68 cases) 


Titre .... 

No. of cases. 

A 

o 

1 :40 

1 

1 :80 

6 

1 : 160 

5 

1 :320 
and over 
44 

Percentage mononucleosis in Mood {61 cases) 


<30 

60-59 

60-69 

70-79 

80-89 

90-100 

No. of oases 

7f 

6 

9 

22 

14 

3 


* VrJth characteristto absorptfon reactions, ij. negative with guinea-pig kidney and positive with 
01 red ceils (Barrett, 1941 ). 

t Some of these cases were first seen only dating convalescence. 


Results. These are summarised in table II. It wiH be seen that 
the incidence of pathogenic staphylococci in the throat in glandular 
fever was almost five times that in the control group as a whole, 
and more than three times that in any one control subgroup. If 
only the more profuse growths are considered (i.e. ++ or 4- 4-4-), 
the^ disproportion is even greater. These figures, however, record the 
incidence of staphylococci in cases, not in total throat swabs examined. 
In many cases, especially of glandular fever, more than one swab 
was taken, so that the higher incidence of staphylococci in these 
cases might be due to the greater number of swabs taken. But this 
possible fallacy may be eliminated by considering only the first swab 
from each case (see notes to table II) ; in these the incidence of 
pathogenic staphylococci was still four times as great in glandular 
fever as in the whole control group {42-4: against 10’4 per cent.). 

This striking frequency of staphylococci in the throat in glandular 
lever was turned to diagnostic use in this series. Whenever coagulase- 
positive staphylococci were isolated from a throat swab submitted to 
the laboratory, the case was further investigated if possible. If the 
swab had been sent in from an outside station, the station medical 
oacer was asked to send in a blood film and a specimen of blood for 
titration of heterophile antibody. In 14 of the 66 cases of glandular 
tever, the diagnosis was originaUy suggested by a staphylococcus- 
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positive throat swab. Later, no doubt, most of these cases would 
have become ovddent ns glandular fever on purcl}' clinical evidence, 
but some would certainly Jmvo escaped diagnosis if the positive throat 
swab had not suggested the desirabilit 3 ’’ of a differential leucocyte 
count and heterophile-antibodj* test. It is notorious that glandular 

Tabu: II 


Throat flora. Incidence of coa^ulmc-ponilivc staphylococci in 409 cases of 
pharyngitis from various causes and 06 cases of glandular fever 


WinrjiiKltl'i diip to 

No. of 

No. fliowlnf* 
po^Itlvo p(ApI»yIocix*cl 

I’crcentncp Inclilrnrr of 
cmriJjnx- po«)Uvc 
slnpliylococcl 

Totnl 

+ + Of 4 + + 

Totnl 


Hmmolytic streptococci (H.S.) 

167 

2.'; 

IJ 

14-9 

8-4 

Vincent’s organi.sms (V.) 

G,'i 

7 

4 

10-8 

0-2 

V. with H.S. 

30 

4 

3 

IM 

8-3 

Negative for H.S. and V. 

201 

10 

13 

9 -4 

C-.’i 

Totnl 

409 

m 

34 

11-7 

HOB 

Glandular fever . . ' . 

00 

35 

28 

53*0 



Notks 

Hcvmohjtic streptococcal pharyngitis 

Totol tliront mrnbs from 107 ensos 
Totol Bwabs positive for stnphylococci 
No. of ensos B-ith Ist swnb positive . 

Vincent's angina (including cases of V. plus H.S.) 

Totnl Bwnbs from 101 (05-f 30) cn-ses . 

Totnl Ewnbs positive for stnpliylococci 
No. of co-ses svith let Bwnb positive . 

Phan/ngitis (negative for IJ.S, and V.) 

Totnl swabs from 201 cases .... 

Totol s^vobs positive for stophyloeocci 
No. of coses with Ist Bwob positive . 

Total control group 

Of 409 Coses, 49 (lO'-l per cent.) bad 1st Bwob positive 
Glandular fever 

Totol swobs from 00 coses . •. . . 

Totol swobs positive for staphylococci 
No. of coses with Ist swob positive . 


223 

32 

24 (M'4 percent.) 

13S 

13 

7 (7'0 x>or cent.) 

230 

22 

18 (O'O per cent.) 


148 

07 

28 (42-4 per cent.) 


fever often passes undiagnosed as phar^mgitis or Vincent’s angina. 
During an epidemic, mild or atj^jical cases have a reasonable chance 
of being detected (Baldridge c/ ah, 192G ; Halcrow cl ah, 1943), but 
if they appear sporadically thejr will almost certainly bo missed, ns 
the following case-history shows : — 

Sgt. R. reported a soro tliront. His tonsils showed follicular exudate but 
no enlargement of lymph nodc.s was observed, and the diagnosis was acute 
follicular tonsillitis, probably streptococcal. A throat swab was taken purely 
as a routine. Ho was treated with penicillin pastilles and recovered within 
48 hours. The tlvroat swab yielded scanty coagulaso-positivo staphylococci ; 
and because of this a blood film and tube of blood wore asked for. The blood 
film showed 60 per cent, mononuelonrs, including largo abnormal forms ; and 
the heterophilo-antibody titre (Barrett method) was 1 : 320. 
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In assessing the diagnostic value of a staphylococcus-positive 
throat swab, however, one must remember its incidence apart from 
glandular fev*er. Table II shows that staphjdococci were reported 
in throat swabs from 55 of 469 cases of phar 3 mgitis from other causes. 
In 37 of these it was possible to do a Barrett test and in many an 
examination of the leucocyte picture, thereby eliminating glandular 
fever. These 37 cases must therefore be set against the 14 cases 
•where staphylococci in the throat swab led to a positive diagnosis, 
indicating a rather better than 1 in 4 chance of correctly diagnosing 
glandular fever from a positive throat swab alone. This is sufficiently 
promising to make it worth reporting coagulase-positive staphylococci 
found on throat-swab plates — not routine practice in most laboratories 
at present. 

The use of the staphylococcus-positive throat swab as a diagnostic 
measure in the 14 cases referred to above introduces an element of 
selection into the glandular fever series. If these 14 cases are 
discarded, 21 of the remaining 52 cases or 40*4 per cent, were 
staphylococcus-positive. Or, considering only the results of first 
swabs, 14 or 26 per cent, were staphylococcus-positive — a difference 
from the incidence of positives in the cases of pharyngitis from other 
causes which is still highly significant (x^ — 11-95). But such rigorous 
treatment of the selection fallacy itself gives a fallacious impression ; 
since most of the 14 eliminated cases would no doubt have become 
evident later as glandular fever on purely clinical grounds and would 
therefore have legitimately joined the series as unselected. So it is 
fair to say that the incidence of staphylococci in the throat in glandtdar 
fever is at least two-and-a-half times (26-7 against 10-4 per cent.) 
that in pharyngitis from other causes ; in fact the ratio is probably 
nearer 4:1. 

Table HI gives a more detailed analysis of the throat flora in the 
cases of glandular fever. Since scanty Vincent’s organisms and 
hffimolytic streptococci are common findings in healthy throats, 
only -f -f or -f- findings of these organisms have been recorded. 
The frequent incidence of both hsemolytic streptococci and Vincent’s 
organisms in glandular fever coirforms to the general experience. 


The incidence of coagulase-positive staphylococci in healthy throats 

As a possible objection to the general application of these results, 
it might be suggested that the population which provided them had 
an unusually high carrier rate for staphylococci, although this is not 
suggested by the incidence of staphylococci in the control group of 
other forms of pharyngitis (table II). For a more direct measurement 
of the carrier rate, however, it was decided to review the incidence 
of staphylococci in healthy throats in the population concerned. 

All the subjects of this study had healthy throats to the e.xtent 
that they made no complaint of throat symiptoms. Some were healthy 
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individuals whose throats wore swabbed because they wore possible 
contacts of diphtheria or scarlet fever ; others wore hospital patients 

Table HI 

Cases of glandular fever; analysis of throat flora 



Ca«<'5 with phirjTisItl* 




nisffnn'ls 
suRccstcd liy 
ftniiti. + Bttab 

others 

Ca«e. without 
plinrjiiRltlB 

Whole fcrici 

Staph, only 

.1 


0 

10 

Staph. +V.* 



0 

11 « 

Stnph.-f V.-fH.S.* . 

2/ 

o|' 

0 

Sfoph. +H.S.* . 

A 

7 

0 

9 

V. only* 

0 

ih 

0 

H 3 

V.+H.S.* 

0 

0 


H.S. only* 

0 

7 

A 


Negntivo nil throo 

0 

1.7 

4 


Total 

M 

40 

0 

no 

Porcontngo of cases showing 

100 

4.7-7 

0 

.73-0 

staph. 





Porcontngo of coses showing 

... 

... 


2S-8 

V. 





Porcontngo of cases showing 

... 

... 

... 

42-4 

H.S. 






• Only + + or + + + results rrcorilcd for Vlnccnt’K orRnnl'm-'i nnil hn?moIytIc etr^’Ptococcl. 


under treatment in medical wards for non-febrile illnesses sucii os 
peptic ulcer. In all, the throats of 158 persons were swabbed, and 
the swabs were examined by the same technique as that used for 
the cases of glandular fever and phar^mgitis. The results are given 
in table IV. The incidence of coagulase-positive stophjdococci was 
4-4 per cent., and the growths obtained wore mainl}’^ scanty. 

A 4 '4 per cent, incidence in healthy throats does not suggest an 
unduty liigh carrier rate in the population concerned, when compared 
Avith the rather scanty figures available in the literature. Dingle 
et al. (1944) record an incidence of 7 per cent, for Staph, atircits in 
94 healthy throats. Miles (1944) states that pathogenic staphylococci 
are rare in the tlmoat — under 1 per cent. ; but he gives no details 
of the number examined. My finding falls boWeen these two figures. 

Table IV also records the throat flora of 36 patients vith burns, 
none of whom complained of sore throat. Swabs .were taken as a 
routine from unselected cases admitted to the hospital burns centre. 
They have not been included with the main control group because 
most of them had a staphylococcal infection of the burnt areas, and 
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tliis might he expected to raise the incidence of staphylococci in their 
throats above normal, an expectation that was confirmed, since the 

Tabije IV 

Flora of heallhy ihroals 



15S pcisons (tnTcctlons 
disease contacts, etc.) 

30 cases of bums 

CoaguIasQ-positive staph, -i- 

» » i> -t-f-}- • 

3 }• 7 = 4-4 per cent. 

oj 

4 • 6 = 16'7 per cent. 

o) 

Vincent’s orgsnisms* . 

1 

0 

HEBin. strept.* .... 

22 = 13-9 per cent. 

3 = 8-3 per cent. 

Negative for all three . 

132 = 83-5 per cent. 

30 = 83*3 per cent. 


• *4* or 'f* *4* 


incidence of pathogenic staphylococci in the throats of this group was 
16-7 per cent., or four times that in the main group of 158 controls. 
Statistical analysis showed that the difference was significant 
(X= = 5-20). 


Inciii.nce of staphylococci in the nose 

In the later part of this investigation, nasal swabs were taken 
where possible at the same time as the throat swabs. Table V shows 
the results. The numbers are small, and the different incidence of 
nasal coagnlase-positive staphylococci among the various groups of 
cases is probably not significant. But the incidence in the whole 
series 37 -0 per cent. — vindicates that this particular population did 
not show any specially heavy carrier-rate for staphylococci. The 
figures of other workers for the nasal incidence of pathogenic 
staphylococci in adults are similar to mine (39 per cent., HaUman, 
1937 ; 34 per cent, and 42 per cent., McParlan, 1938 ; 47 per cent 
Miles e£ al., 1944). 

There is an obvious positive correlation between the incidence of 
pathogenic staphylococci in throat and nose. The numbers in each 
group are admittedly small ; but all groups show correlation of 

positive sign and, omitting the very small group of “ healthy throats - 

urns of approximately the same degree. Considering aU cases 
ogether, 31 of 58 or 53 per cent, of the throat-positive cases were 
nose-positive, and 33 of 115 or 28 per cent, of the throat-negative 
case^were nose-positive; the correlation is statisticaUy significant 

It is interesting to note that the incidence of pathogenic staphylo- 
cocci m the nose is not significantly higher in glandular fever than 

m striking contrast to the incidence in the 
turoat. It IS also of some interest that in the nose coagulase-negative 
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stophylococci, almost all albus, were found almost as froquentl}’^ as 
coagxilase-positive strains, ■whereas in the throat coagulnsc-negative 
strains were rare in all the groups examined. 

Taulk V 

Incidence of coagidasc'positivc staphylococci in the nose 


Cast* groups 

'Scp‘f' 

Positive 

Xrintlvr 

ri-rrcntaKf jwltlvc 

Glnndiilnr fever • 





Tliront positive 

17 (2.1) 

0(1-1) 

8 (0) 

53-0 (00-0) 

„ negntivo 

2.1 (17) 

7 (5) 

10 (12) 

30-4 (20-4) 

Totnl .... 

■10 (-10) 

10 (10) 

24 (21) 

40-0 (47-5) 

Other forms of pharj-ngitis 





Thront positive 

oo 

11 

11 

.50-0 

„ negative 

. ji.'i 

8 

27 

22-0 

Totol .... 

. C7 

10 

3S 

33-3 

Dironio tonsillitis 





Tlironl positive 

. M 

7 

7 

.lOO 

„ negntivo 

. 13 

3 

10 

23 •! 

Totnl .... 


10 

17 

37-0 

Hcnlthy throats 





Thront positive 

. .1 

2 

1 

GO-C 

„ negntivo 

. 34 

u 

23 

32-4 

Total .... 

■9 

13 

24 

S.-i-l 

Hoalthj’ thronts : bums 





Tliront positive 

a 

O 

0 

100-0 

„ negntivo 

. 10 

4 


40-0 

Totnl .... 

. 12 

0 

0 

.50 -0 

Series ns n ivliolo 





Thront positive 

. 08 

31 

27 

.53-0 

„ negntivo 

. 115 

33 

82 

28-0 

Totnl .... 

. 173 

04 

100 

37-0 


• The flptircs In bnichcU record the results obtained by considciinf: all tlio s^rnbs taben ; In most 
of the glandular fever cases repeated swabs were taken from both nose and mouth. For comparison 
witli the other groups of cases, In the majority of which only single swabs were taken, the unbracketed 
figures give the results for the first nasal swab ond the tliroat swab taken nearest to It In time, nsiwlly 
the same time. 


Throat flora in chronic or recurrent tonsillitis 

After I had begun to inquire as elosely as possible into eases in 
wMeh staphylococci were isolated from the throat swab, I was often 
■told of patients ■with repeated sore throats. This suggested that the 
chronically inflamed tonsil might often either bo infected by or carry 
staphylococci, a suggestion that agrees ■with the work of JIcAuIiffe 
and Leask (1941), who isolated Staph, atireus from the tonsils of 14 
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of 15 patients 'with chronic tonsillitis. However, to define the incidence 
of staphylococci in such cases among the population served by the 
hospital, 36 patients admitted to the hospital for tonsillectomy because 
of recurrent sore throat were investigated. Throat swabs were taken 
just before operation and smears and cultures were taken from the 
crypts of the excised tonsils. The surface swabs (table VI) gave an 

Tasie VI 


Throat flora in 36 cases of chronic ionsillilis 


Throat flora 

Throat swab Imtncdlatclir 
before tonsiUcctoniy 
<31 cases) 

Smears and cuitnres from 
crypts of tonsils after 
removal <36 cases) 

Coagulase-positive staph. 

i» >* fi • 

4 - 4 . 4 - . 

>1 S> 11 114* 

am 

5) 

4 r 19 = 52-8 per cent. 

loj 

Vincent’s organisms ♦ . 

1 

13 

Hcem. Etrept.* .... 

3 

15 

Negative for all tlrree . 

21 

7 


* ++ or + + +. 


incidence of coagulase-positive staphylococci of 19*4 per cent. — ^more 
than four times the incidence (4-4 per cent.) in healthy throats,* 
though much lower than in McAuliffe and Leask’s cases, and higher, 
though not greatly so, than in any of the groups of acute pharyngitis, 
other than glandular fever, described in this paper. The cultures 
from the crypts of the tonsils showed a still higher incidence of 
staphylococci — over 50 per cent. Obviously, therefore, as iudged from 
the surface swab results, chronically or repeatedly inflamed toiasils 
harbom: pathogenic staphylococci much mote often than normal 
throats. 

This association of staphylococci with chronic or recurrent tonsfllitis 
raises the possibility that the high incidence of staphylococci in 
glandular fever throats might be due to an associatiou between 
chronic tonsillitis and glandular fever : an individual with a chronically 
infected throat might be unduly susceptible to glandular fever, and 
the staphylococci in the throat might merely reflect the pre-existing 
chronic tonsillitis, with the organisms perhaps brought to the surface 
of the tonsils by the superadded acute exudative inflammation 
produced by the glandular fever. However, in 37 of the cases of 
glandular fever the patient was carefully questioned about previous 
sore throats and colds. In the absence of control observations it is 
not possible to say whether these patients showed a significantly 
raised incidence of such infections, but table VH shows that the 


Statistical analysis shovrs that this difference is significant ; ^ == 6*83. 
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incidence of staphylococci in the throat was as high in the patients 
who had not been subject to soro throats and colds as in those 
who had. 

Table VH 


Incidence of history of previous throat or nose infection in 
37 adequately questioned cases of glandular fever 


Hl?tory 

Xo. of 

Xo. po«10ve for 
f tnplij lococtl 

Not subjoct to sorts tliroat or colds 

18 

11 

Not subject to soro thront : frequent 

fi 

I 

colds or chronic nasal catarrh 



Subject to soro throats 



? sliglitly .... 

7 

4 

dofinitoly .... 

7 

.7 


The significance of throat staphylococci in glandular fever 

There are three possible interpretations of the relatively high 
incidence of pathogenic staphj’lococci in the throat in glandular fever : 

(1) the staphylococci might be the causn] organism of the disease; 

(2) thej' might represent a true secondary infection, i.c. their presence 
might contribute to the siunptomatology of the disease ; or (3) they 
might be commensals, taking root in a soil prepared by the tnio virus 
of the disease. 

The first possibility is inherently unlikely. No causative agent 
has as j^ct been satisfactorily isolated, but tlie general picture of the 
disease strongly suggests n filterable virus, ns docs its obvious kinship 
to infective hepatitis and rubella. The question remains whether the 
staphylococci constitute a true secondar 3 ’^ infection, or are merely 
favoured commensals. No significant difieience in the appearance of 
the tlrroat was noted in the present scries between cases with and 
ndthout staphjdococci. However, an attempt was made to decide 
the question by estimating the staphylococcal antitoxin content of the 
serum in a series of cases. The method used was essentially that 
of Parish et al. (1934), with some of the modifications of Lichty ct al. 
(1943). There is general agreement in the literature that the average 
antitoxin level in normal people is about 0*75 international units 
per c.c. (Murray, 1935 ; Dolman, 1936 ; Blair and Hallman, 1935-36 ; 
Whitb 3 ^ 1936; Licht 3 ’^ ct al., 1943; Seeley et al., 1944); and that 
2-0 units per c.c. is the upper limit of normal. Onl 3 ’^ Seelo 3 '^ et al. 
record slightly lugher levels, and the 3 '’ in only 2-6 per cent, of their 
series. It is significant, therefore, that in 3 of 24 glandular fever 
cases with staph 3 dococcus-positive throats I obtained titres above this 
level — values of 8, 3 and 3 units per c.c. The case vdth the high 
titre of 8 units showed a steadily falling titre after recovery from 
the attack of glandular fever, a definite indication of staph 3 dococcal 
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toxEemia during .the attack. The remaining staphylococcus-positive 
cases and the 14 staphylococcus-negative cases tested showed values 
within normal limits and a normal mean value ; which, however, 
does not exclude the presence of a true staphylococcal infection. 

Discnssiox 

During this work I formed the impression that the presence of 
pathogenic staphylococci in the throat has some significance and that 
the significant association can often be identified. Three such 
associations emerge, namely with glandular fever, chronic or recurrent 
tonsillitis, and staphylococcal infections of the skin, as in bums and 
other lesions. 

The significance of the throat staphylococci in glandular fever 
has already been partly discussed in earlier sections of this paper. 
They are apparently secondary invaders, either as commensals or 
at least in some cases as pathogens. Their most obvious source is 
the nose, a common site of staphylococcal carriage, but since the 
strains were not typed this caimot be definitely established. The 
facts, however, are highly suggestive. There is a positive correlation 
between the incidence of staphylococci in the nose and in the throat 
in glandular fever as well as in the other groups studied. This might 
mean that both sites tended to become infected ftom a third source ; 
but the fact that m glandular fever the throat incidence rises strikingly 
whereas the nasal incidence is not significantly raised suggests that 
the throat, collectively regarded, is being infected from the relatively 
static reservoir of staphylococci in the nose. An appreciable number 
of throat-positive cases gave negative cultures from the nose, some 
of them repeatedly. In these cases the nose may have been positive 
at first and become negative after infecting the throat ; but this 
seems unlikely in view of the demonstration by iGles et al. that the 
staphylococcal nasal carrier state tends to be persistent. It may be, 
therefore, that in these cases the throat was infected either from 
the skin — a fairly common carrier site, 18-4 per cent, of healthy people 
according to Miles et al . — or from some exogenous source. 

Whatever the source of the infection, it would appear that the 
pharyngeal inflammation in glandular fever may specifically prepare 
the soil for staphylococcal settlement. It may be significant that 
another virus, influenza, appears to prepare the lung for staphylococcal 
infection ; various workers have reported staphylococcal pneumonia 
in influenza epidemics — a type of pneumonia not commonly foimd 
apart from influenza (Chickering and Park, 1919 ; Patrick, 1923 ; 
Finland et al., 1942 ; Slichael, 1942 ; Guthrie and Montgomery, 1947). 

The significance of the high incidence of pathogenic staphylococci 
in chronically inflamed tonsils is not clear. Such tonsils apparently 
form a good nidus for growth not only of staphylococci but also of 
hajmolytic streptococci and Vincent’s organisms. To what extent the 
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staph}'’lococci contribute to the inflammation of the tonsil Ls not 
Icnowm. 

The tliircl association is of pathogenic staphylococci in the throat 
ivith staphj'Iococcal infection of the slcin. Tin’s is shown by the 
considerable rise in tlic incidence of pathogenic staphylococci in the 
healthy throats of persons with burns (table IV). And it is perhaps 
significant that among the staphylococcus-positive cases of pharyngitis 
other than glandular fever four were patients with skin lesions infected 
bj' staphylococci. There is no reason to suppose that the skin infection 
is secondnr 3 ' to that in the throat ; in tlie burns cases the incidence 
of staph^'lococcal infection was much higher in the burns than in the 
tliroat. In these eases, therefore, the throat is presumably infected 
from the skin. 

StrsiMAiiv 

The bacterial flora of the throat in glandular fever was investigated. 
Pathogenic staphjdococci were isolated in appreciable numbers from 
the throats of 53 per cent, of C6 sporadic eases occurring among 
members of the Roj-al Air Force. 

The incidence of pathogenic staplndococci in the throats of a control 
group of 4G9 cases of other forms of phar^rngitis was 11-7 per cent, 
and in 168 health}’ throats 4-4 per cent. The difforences, after allowing 
for fallacies of selection, are statistically significant. 

Serum antitoxin estimations indicate that in glandular fever the 
staphylococcus may sometimes contribute to the s}’mptoms of the 
disease. 

The isolation of jjathogenic staphylococci from a throat swab 
may be helpfully suggestive of the diagnosis in pharyngitis due to 
unsuspected glandular fever. 

Pathogenic >staphylococci were isolated from the cr}'pts of 53 per 
cent, of the tonsils removed from 3G cases of chronic or recurrent 
tonsillitis. 

Infected burns, and probably other staphylococcal infections of 
the skin, raise the incidence of pathogenic staphylococci in the throat. 

A positive correlation was found between the nose and throat 
incidence of pathogenic staphylococci in the various case groups 
investigated. It would appear that the throat may become infected 
either from the nose or from the skin. 

I am indebted to the Director-General of the Idedical Branch, Royal Air 
Force, for permission to publish thi.s paper. It is a plon.suro to aolaiowledgo 
the facilities given mo by Group Captain C. A. Lindup, Commanding Ofiicor, 
and by "Wing Commander E. H. Hudson, Wing Commander G. H. IMorley and 
Squadron Loader J. E. G. McGibbon, clinical specialists at the Hospital ; the 
willing help of many station medical ofTicors ; the co-operation of the hospital 
nursing staff ; and, not least, tlio help of the Inboratorj’ staff under Warrant 
Officer D. B. Waltho. 

I am greatly indebted also to Dr B. A. Woolf, of the Usher Institute of Publie 
Health, Edinburgh, for the statistical analj'sis of my results. 
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UREASE AND OTHER BIOCHEmCAL REACTIONS 
OF THE PROTEUS GROUP 

G. T. Ck)OK 

From the Ptiblic Health Laboratory Service, Oxford 

The investigation of colonies of non-lactose-fennenting orga ni s m s, 
later proved to belong to the Proteus or paracolon groups, plays a 
large part in the routine bacteriological examination of faeces. The 
increased use of liquid enrichment media in routine laboratories is 
particularly responsible for the frequency with which Proteus is 
encountered, for most strains grow freely in such media and on 
desoxycholate-citrate agar, a useful medium for sub-culture. Con- 
siderable time may be spent over the biochemical and serological 
investigation of non-lactose-fermenting colonies before they are 
identified as belonging to the Proteus group and eliminated as 
specific pathogens. Although the majority can be recognised by their 
ability to swarm on agar, difficulty may be caused by many of the 
remainder because of the similarity of their biochemical reactions 
to those of certain Shigella organisms. Any method which helps 
in the identification of Proteus strains should prove of value to the 
routine bacteriologist. With this aim in view, it was decided to 
investigate the urea-splitting properties and certain biochemical 
reactions of all Proteus cultmres isolated during the routine examination 
of fsecal specimens in this laboratory. 

It has been known for a number of years that members of the 
Proteus group can hydrolyse urea. All the 194= Proteus cultures 
studied by Moltke (1927, p. 91) attacked urea and this property has 
recently been more fully investigated by Rustigian and Stuart (1941), 

■ Stuart, van Stratum and Rustigian (1945) and Christensen (1946). 
These workers also studied the mease activity of paracolon bacilli, 
which they classify on the basis of their biochemical reactions into 
three groups resembling the Escherichia (= coli), intermediate and 
Aerobacter (= aerogenes) divisions of the coliform group. Urease- 
positive strains were found only among the intermediate and 
Aerobacter groups and these could be distinguished from Proteus 
organisms by the rate of hydrolysis and the use of suitably buffered 
media. 

In the present investigation it was decided to compare two mea 
media referred to as A and B. In both, phenol red was used as an 
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indicator and liydrolysis of uroa was detected the appearance of a 
red-violet colour due to the increased alkalinity produced by liberation 
of ammonia from urea. I^Icdium A was a liighly buffered solid medium 
of poor nutritive quality based on a similarly constituted liquid 
medium described by Rustigian and Stuart (10-11), With a medium of 
this tjqjo hj’drolysis of urea vithin 4S hours is confined to the Proteus 
group. Ferguson and Hook (10-12-43) obtained positive results 
on the liquid medium vith 34 of 35 Proteus organisms, and all of 
70 Salmonella strains were urease-negative. 

Medium B was originally designed by Christensen. It was less 
strongly buffered than medium A and supplied additional nitrogen 
and carbon in the form of small amounts of peptone and glucose. 
Christenson found that 21 paracolon strains of the Acrobacter and 
intermediate groups gave a positive restdt on this medium, although 
most of these required several days to show a moderately strong 
reaction compared with 1-6 hours for Proteus strains. He also tested 
a number of Salmonella-Shigella cultures on the same medium over a 
period of 0 months with consistent!}' negative results. Similar negative 
findings with intestinal pathogens were reported by Ewing (lf)40). 


Metoods 

Selection oj cnUurcs /or investigation 

Ftccos were inoculated as n routine directly on to dcsso.v 3 'cholnto-citrato ngnr 
and Wilson and Blair’s medium. A brotli suspension of ftcccs, if solid, or the 
untreated freccs, if liquid, was also inoculato<l into Kauffinann tetrnthionato 
broth and into fiolcnito-F, from each of which a loopful was plated out after 
18 lioiu-s’ incubation on to dcsoxj’cholato-citmto ngnr and Wilson and Blair's 
medium. Bectal swabs wore usuallj' received onlj' from eases of suspected 
bacillar}' dysentcr}' and Wilson and Blair’s medium and tetrathionato broth 
were then omitted. Although Proteus strains produce fairly characteristic 
appearances on Wilson and Blair’s medium, only colonies suspected of being 
Salmonella wore investigated. For this reason isolation of Proteus cultures 
was not systematically undertaken from these plates, though two strains 
isolated only on Wilson and Blair’s medium are included in this series. 
Non-lactoso-formonting colonics were usually picked for further investigation 
into a tube of peptone water containing a lead acetate paper, on to an ngnr 
slope and into certain sugar media. A MneConkoy pinto was inoculated from 
the same colony to chock the purity of the inoculum. For the purpose of this 
investigation all non-Inctoso-formenting organisms which produced acid, with 
or without a bubble of gas, in glucose, mannitol, sucrose, maltose or snlioin 
within 48 hours wore inoculated on to a urea slope (medium B), irrespective 
of their ability to spread or to produce hydrogen sulphide or indole. Cultures 
giving a positive reaction within G hours wore provisionally regarded as Proteus 
and were sub-cultured on to Dorset’s egg medium and kept in the refrigerator 
for full investigation. 

Proteus strains isolated on more than one medium from the same specimen 
and having simUnr biochemical reactions were regarded ns identical and only 
one strain was selected for further investigation. Wien apparently similar 
strains were isolated from more than one specimen from the same patient, 
only one, usually the first, was investigated. 
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Method of inoculation and biochemical tests 

All \irease-positive cultures were subjected to the following biochemical 
tests in batches of 24-36, usually within 3 months of isolation. 

Inoculations were made from a 24-hour agar-slope cultiue over the surface 
of one tube of medixim A and one of medium B, and also into peptone water. 
The cultures were incubated at 3^° C. and the urea tubes were read at 3, 6, 
and 24 hours after inoculation and, if negative, daily for 7 days. A slight p^ 
colour on the siuface of the medium was recorded as a trace reaction, diffusion 
of colour into the butt as a moderate reaction and complete diffusion throughout 
the medium as a strong reaction- Tire peptone-water culture was meubated 
fow24 hours and 2 or 3 drops from a 50-dropper pipette were then added to 

following media : peptone water containing a lead acetate paper, glucose, 
mannitol, maltose, lactose, sucrose, salicin, glucose ilacConkey broth and two 
tubes of glucose-phosphate medium. In addition, Koser’s citrate medium and a 
gelatin stab were inoculated with a straight wire. 

Urea media. Medium A contained the ingredients described by Rustigian 
and Stuart with the addition of 2 per cent. agar. Medium B was prepared 
according to the directions of Christensen, apart from a slightly shorter time of 
sterilisation. The detailed method of preparation of these media is giv'en in 
the appendix. 

Hydrogen sulphide. This was indicated by the blackening of a strip of filter 
paper soaked in a saturated solution of lead acetate and placed over a 2 per 
cent, peptone water (Eupeptone) culture. Readings were made after 24 hours' 
incubation and cultures failing to produce hydrogen sulphide were subseqpiently 
re-tested using tryptic digest broth instead of peptone water. Blackening 
confined to the edge of the paper was recorded as a negative result. 

Sugar media. A solution consisting of 1 per cent, sugar, 1 per cent, peptone 
and 0-6 per cent, sodium chloride was distributed in 5 ml. quantities in 
test-tubes containing Durham tubes and autoclaved at 10 lb. for 15 minutes. 
The presence of acid and gas was recorded after 1, 2, 10 and 21 days’ incubation. 

Glucose MacConkey broth. The method described in the Ministry of Biealth 
Report (1939) for the preparation of single-strength lactose MacConkey broth 
was followed in making up this medium, with the substitution of glucose for 
lactose. The tubes were incubated for 48 hours at 44° C. in a water -bath and 
the presence of growth, with or without gas production, was then recorded. 

The indole, methyl-red (M.R.), Voges-Proskauer (V.P.), and citrate tests 
were carried out in the usual way. Gelatin stabs were examined for liquefaction 
at 6 and 21 days after standing at bench temperature. All other cultures except 
the glucose MacConkey broth tubes were incubated at 37° C. 

Results 

During the period of this investigation (October 1946-July 1947) 
approximately 1050 faecal specimens were examined, of which only a 
few were rectal swabs. It is impossible to state exactly how many 
of these were repeat specimens from any one case, hut their number 
is estimated as at least 10 per cent. Most specimens were from acute 
or convalescent cases of gastro-enteritis. In this series 120 strains 
' which stroi^ly attacked urea were isolated from 115 different patients, 
. excluding similar strains isolated more than once from the same case! 
, Two strains with different biochemical reactions were isolated from 
; 4 cases on separate occasions and in. one case from a sin^e specimen. 

. Urease-positive organisms were probably isolated from at least 12 per 
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cent, of patients from whom specimens were examined. The percentage 
of Salmonelln-Shigella isolations among these 115 specimens was 8-7, 
compared with S-O among the total fajcal specimens examined daring 
the period of the investigation. 

Rustigian and Stuart (1945) suggested the following division of 
the Proteus group based on biochemical reactions : P. vulgaris, 
P. mirabilis, P. morgani and P. rctlgcri. The merits of this classification 
are discussed later, but it provides a convenient means of referring 
to collections of strains with sunilar biochemical reactions and has 
been followed in this paper. The 120 urease-positive cultures under- 
going investigation were grouped as follows: P. vulgaris, 14 strains; 
P. mirabilis, 80 strains ; P. morgani, 9 strains ; P. rctlgcri, 11 strains. 
One-hundred-and-seven Proteus strains were isolated from .specimens 
inoculated both directly and indirectl}* on to dcsoxycliolatc-citratc 
agar. Table I compares the frequency with which these isolations 

Tablu I 


Comparison of direct and indirect plating on dcsori/cliolatc-citralc agar 
in the isolation of 107 Protens strains 


Sub-KTOup 

Xo. of ftralni 
I'obitcil 

Din cl pI-itlnK 

from 

IrtratJilonAtc 

broth 

Hiib»c«Unrf 
from fd*'n!te«V 

P. vulgaris . 

13 

6 

8 

0 

P. mirabiiis . 

ir, 

29 

CS 

•11 

P. morgani . 

8 

5 

o 

o 

P. rctlgcri 

11 

O 

10 

8 

Totnl . 

107 

<12 

88 



were made from different media for the various sub-groups ; although 
the numbers are small, the results suggest that morgani strains are 
less able to utilise the enrichment media. It is also of interest to 
record that at the time of isolation as manj' as 33 of 119 cultures 
(27-7 per cent.) did not spread on a 2 per cent, agar slope. These 
include all 1 1 strains of P. rctlgcri. 

Urease activity 

The majority of strains gave a trace or moderate reaction on 
medium A after 6 hours’ incubation and a strong reaction at 24 hours. 
In 9 cases (P. mirabilis 8, P. vulgaris 1) tliis was delayed for 48 hours, 
but only one strain (P. rctlgcri) failed to attack xiroa -within that time. 
This strain produced a moderate reaction after 7 daj's’ incubation. 
With medium B very rapid results wore obtained, a fact of some 
importance in routine diagnostic work. AH the 120 strains gave a 
moderate or strong reaction -witlun 3 hours and a strong reaction at 
6 hours ; in all of many cultures examined after hours’ ineubation 
a moderately strong reaetion was alroad}'^ apparent. 
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In addition, the urease reaction of 65 paracolon strains was 
investigated and the results were correlated with the indole, M.R. 
and V.P. reactions and with growth in glucose MacOnkey broth 
and citrate. All these strains were urease-negative on medium A, 
but 8 gave a moderate reaction on medium B after 24 hours’ 
incubation. These 8 strains were all able to utilise citrate; this 
result confirms the findings of Christensen, who noted that urease 
activity among paracolon baciih was hmited to the Aerobacter and 
intermediate groups. 

Biochemical reactions 

The results of the biochemical reactions for each sub-group, 
summarised in table II, are in accordance with those reported by 

Table II 


Summary of biochemical reactions of 120 Proteus strains 


1 

Snb-group 

No. of 
strains 
tested 

Days of 
inenbation 
of sngara 

Acid with or wlthont 
bubble of gas 

Glucose 
UacConkey 
at C. 

H.S-f 

-f 

mS 

4 * 

4. 

s 

0 

C 

u 

*S 

Q 

g 

S 

o 

S 

o 

s 

o 

a 

O 

1 

a 

a 

ts 

o 

o 

£ 

i5 

o 

o 

p 

2 

& 

Acid 

Acid 

and 

gas 

Peptone 

water 

a 

Broth J 1 

F. vulgaris 

U 

1-2 

0 

14 

0 ll 4 

14 

10 

11 

2 

11 

3 1 

414 

0 

3 

14 



3-21 

0 

14 

014 

14 

10 









P. mirabilis 

86 

1-2 

0 

86* 

0 

0 

,0 

0 

3 

S 3 

76 

10 

2 84 

14 

39 

86 



3-21 

0 

86* 

0 

085 

13 









P. morgani 

9 

1-2 

0 

9 

0 

0 

0 

0 

0 

0 

0 

9 

9 9 

0 

0 

0 



3-21 

0 

9 

0 

0 


4 









P. reilgeri t 

11 

1-2 

0 

11 

1 

0 

0 

7 

0 

0 

0 

0 1 

Oil 

0 

11 

0 



3-21 

0 

11 

11 

Oj 8 

1 8 










• Includes three anaerogenlc strains, 
t Ail strains were anaerogenic. 

t Only strains negative In peptone water were ic-tested in broth. 


previous workers. A bubble of gas was produced in glucose by 83 of 
86 mirabilis, all of 14 vulgaris and 3 of 9 morgani strains. Gas 
production in other sugars was variable, though a small amount 
was usually given fay P. vulgaris. Most of the rettgeri strains took 
several days to ferment mannitol and all of them were anaerogenic. 
At 44° C. gas was produced by all the aerogenic mirabilis strains 
though by only two vulgaris strains. None of the morgani or rettgeri 
strains grew at this temperature. 

Hydrogen sulphide, if produced, was usually abundant; the 
sigmficance of the results with P. morgani is discussed later. The 
M.R. and V.P. reactions were usually weak and difficult to interpret, 
though the indole reaction, if positive, was particularly marked. 
Most of the organisms which grew in Koser’s citrate and which 
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liquefied gelatin did so u-itliin 2 and 0 days respectively. Most 
cultures behaved consistently throughout the range of the biocliemical 
reactions tested and there -was usimllj' no dilTiciilty in assigning them 
to their correct sub-group. 

Swarming and pigment production by P. rettgeri 

All of 11 rettgeri cultures were found to bo non-motile on first 
isolation and an attempt was made to produce motility and swarming 
in these strains. After several daily sub-cultures in broth the cultures 
were transferred to Craigio tubes containing O-IS per cent. agar. 
After two or three passages in this medium, 0-3 per cent, agar Craigio 
tubes were inoculated and subsequently broth cultures. All 11 cultures 
were then motile when examined in a hanging-drop preparation and 
10 were induced to spread on 1 per cent. agar. Plates of 9 cm. diameter 
were inoculated in the centre and incubated at appro.ximntely .34° C. 
and at bench temperature. After two daj-s 1 00 per cent, of the surface 
had been covered by 4 strains, 70 per cent, bj' 3, 00 per cent, by 2 
and 20 per cent, by 1 strain, the higher temperature being the more 
favourable. 

A feature common to all 11 rettgeri strains was the pigmented 
nature of the colonies on desoxycholntc-citrato agar. After 24 hours’ 
incubation the colour varied from pale to bright yellow, but at 
48 hours the colonics had increased in size and showed a well 
differentiated orange-yellow centre surrounded by a pale translucent 
periphery. Th^’o strains also produced a bronmish pigmentation on 
nutrient agar which readily diffused through the medium. Pigment 
formation was increased by allowing the eulturcs to stand at bench 
temperature. 


Discussion 

The inelusion of a urea medium in the routine investigation of 
intestinal organisms has been recommended by a number of authors 
(Ferguson and Hook ; Ewing ; Christenson). The results of this 
investigation have confirmed the fact that a highly buffered medium 
such as medium A, though of value as a means of distinguishing 
members of the Proteus group from other non-lactose-fermenting 
organisms, is less suitable than medium B for the rapid identification 
of Proteus strains and the detection of urease-positive paracolon 
bacilli. Medium B has been used in the routine bacteriological 
examination of freces in this laboratory for more than 18 months 
and has proved particularly valuable in the investigation of non- 
lactose-fermenting colonies obtained on primary and indirect culture 
and of non-spreaing strains giving fermentation reactions suggestive 
of the Proteus group. Inoculation of the medium with a Proteus 
culture or even a single colony will cause a demonstrable change of 
pH after one or two hours in the 37° C. water-bath ; in some instances 
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a heavy itioctilum produced a detectable pink colour •within a few 
minutes. Using measured volumes of bacterial suspensions and a 
highly buffered medium Stuart et al. showed that the speed of urease 
production was considerably slower -with P. morgani than -with other 
Proteus strains. That this difference was not observed by Christensen 
or in this investigation is probably due to the use of a less strongly 
buffered medium and a hea-rier inoculum. The medium has also 
proved of value in the identification of paracolon bacilli, some of 
which give a positive urease test after overnight incubation. Salmonella 
and Shigella cultures have been reported as consistently urease- 
negative (Christensen; Ewing) and similar findings were obtained 
•with a number of pathogenic strains tested during this investigation. 

Certain observations regarding hydrogen sulphide production by 
morgani strains are of interest in view of the discrepant findings 
pre-vdously reported (Rauss, • 1936 ; Rustigian and Stuart, 1945). 
Ail our strains of P. morgani failed to blacken a lead acetate strip 
in 24 hours when gro-wn in 2 per cent, peptone (Eupeptone) water, 
but did so when grown in digest broth. Similar observations were 
made •with 3 vulgaris and 10 mirabilis strains. These findings emphasise 
the superiority of digest broth over peptone water as a substrate for 
this test, though results might have been improved by changing the 
brand or increasing the concentration of peptone. 

Rustigian and Stuart (1943) described a group of paracolon bacilli 
which strongly attack urea and ferment mannitol but not maltose. 
They considered that the urease activity of these organisms together 
•with their ability to swarm under suitable conditions was sufficient 
evidence for including them in the Proteus group (P. rettgeri). Their 
main reactions are rapid fermentation, usually anaerogenic, of glucose 
and frequently of salicin, slower fermentation of mannitol and sucrose, 
production of indole, gro^wth in Koser’s citrate, rapid hydrolysis of 
urea and ability to swarm on 1 per cent, agar. Hydrogen sulphide 
is not produced, gelatin is not liquefied, and there is no gro-wth at 
44° C. in glucose MacConkey broth. Eleven of the strains investigated 
showed these characteristics though one failed to produce indole and 
another, though motile, did not spread. Similar biochemical reactions 
including marked urease activity were given by a culture of Bacterium 
rettgeri received fi-om the National Collection of Type Cultures (no. 
1501) (St John-Brooks and Rhodes, 1923). Attempts to induce this 
strain to swarm were unsuccessful, though good motility -was produced 
at bench temperature. Pigmented colonies on desosycholate-citrate 
agar were also obtained. 

For 50 years after Hauser’s original classification of Proteus in 
1885, gelatin liquefaction, swarming on solid media and hydrogen 
sulphide production were regarded as essential criteria of the Proteus 
group, though non-motile strauis had been recognised (Felix, 1922-23 ' 
Moltke, 1927, p. 43). General acceptance of this limited definition 
was no doubt partly due to the advantage taken by some workers 
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of the property of swarming in isolating their strains from mixed 
eultures (Wenner and Rettger, 1919; Tajdor, 1928), since these 
strains would also produce liydrogcn sulphide and liquefy gelatin. 
Proteus organisms were broadly di\'ided bj' maltose fermentation into 
vulgaris and inirabilis strains (Wenner and Rettger) and it was not 
until 193G that the definition of the group was extended to include 
the non-gelntin-liquefying species of P. morgani (Rauss). Topley and 
Wilson (1930) Used the propert}' of gelatin liquefaction ns a basis for 
classification, though St John-Brooks and Rliodes (1940) still relied 
on maltose fermentation and indole production. The increased study 
of urease production has led some American workers to regard this 
property as a more fundamental characteristic of Proteus organisms 
than gelatin liquefaction and certain other biochemical reactions; 
on this basis Rustigian and Stuart (1943, 1945) include P. rcllgcri 
in the group in spite of mannitol fermentation and inability to produce 
hydrogen sulphide. 

The majority of freshly isolated vulgaris, mirabilis and rcllgcri 
strains can bo readily distinguished by well defined and consistent 
biochemical reactions and there would seem to bo considerable 
justification for according them specific names, as is already done 
•nith P. morgani. A knowledge of the characteristic biochemical 
reactions of tl\c Proteus group is of value to the routine bacteriologist 
and a broad classification by which members of the group can bo 
readily identified is suggested in the accompanying figure. 

Ureaso+ 



Golfttin4- 

1 

Gclntin — 


Indolo + 

Inclolo — 

Indolo + 


JInltoso + 

Mnltoso — 

Jlnlto'io — 

1 


H,S + 

HsS + 

H.S + 

H,S- 

Mannitol — 

Slonnitol — 

Mannitol — 

Mnnnitol + 

1 

P. vulgaris 

j 

P. mirabilis 

J 

P. morgani 

1 

P. rcllgcri 


Flo. — A tentntivo clnssificntion of t)io Protous group. 



Morgan (1900, 1907) described a small number of strains which 
differ from his no. 1 bacillus in their failure to produce indole or in 
some other characteristic. In the absence of a fuller laiowledgc of 
the biochemical and serological behaviour of these organisms, it is 
doubtful whether thoj’^ should stiU bo included in the Proteus group. 
Kauffmann and Perch (1947), in a recent analysis of the antigenic 
structure of 638 ProteUs organisms, confirmed that X19 and X2 
strains resemble P. vulgaris in their biochemical reactions and XK 
strains resemble P. mirabilis. Although this work is not j’-et completed, 
the results already published indicate that the members of anj-^ one 
serological group have similar biochemical reactions. 
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Altliougli the number of strains examined in this investigation is 
small, the results give some indication of the relative frequency of the 
different groups of Proteus organisms in freces specimens obtained over 
a period of variable seasonable conditions from patients of all ages, 
the majority suffering from gastro-enteritis. A search of the literature 
has not revealed any analysis of comparable material as collections' of 
strains previously submitted to detailed biochemical investigation 
have been derived from a variety of sources and frequently include a 
number selected from stoclr cultures. It is generally accepted that 
the great majority of gelatin-liquefying strains isolated from human 
sources fall into the mirabilis group. Levine (1942) found this figure 
as high as 90 per cent, of an unspecified number tested, and Rustigian 
and Stuart (1945) recorded 85-7 per cent, mirabilis strains out of 
190 freshly isolated vulgaris and mirabilis cultures. In this 
investigation 14 per cent, of the 100 gelatin-liquefying strains were 
P. vulgaris and 86 per cent, were P. mirabilis. 

SUMMASY 

A study has been made of the urease and other biochemical reactions 
of 120 Proteus strains isolated from human fseces in a routine 
laboratory. 

AH strains showed a positive reaction on both strongly and weakly 
buffered urea media, though on the strongly buffered medium this 
reaction was considerably delayed with one strain. Rapid results 
were obtained with the weakly buffered medium and the value of 
this reaction in the routine investigation of non-lactose-fennenting 
organisms isolated from fseces is discussed. 

Sixty-five paracolon bacilli were also tested for evidence of urease 
production. AU were negative on the strongly buffered medium, but 
8 strains, ail citrate-positive, gave a delayed reaction on the weakly 
buffered medium. These results confirm the findings of previous 
workers. 

As a result of the biochemical reactions all strains could be placed 
in 4 well defined groups : P. vulgaris, 14 strains ; P. mirabilis, 86 
strains ; P. margani, 9 strains ; and P. rettgeri, 11 strains. 

The biochemical behaviour and swarming properties of P. rettgeri 
have been investigated and the findings of recent workers confirmed. 
Evidence is produced in favour of including these strains in the 
Proteus group and a tentative classification is suggested. 

My thanks are due to Mr O. Arthur for valuable technical assistance. 


CnaiSTESSEK, W. B. 
Eweng, W. H. . . 

Eeixk, a. . , . 
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APPENDIX 

Media A and B for testino the urease reaction of 
Proteus 

Medium A 


Yeast extract (Difeo) . . . . . 0-1 g. 

Potassium dihydrogon phosphate (IyH;P 04 ) . 9-1 g. 

Sodium phosphate (Na 2 HP 04 ) . . . . 9-5 g. 

Agar . . . . . . . . 20 g. 

Distilled water ...... 1000 ml. 


Steam until the solids are dissolved, filter through lint nnd add about 3 ml. 
of 0-4 per cent, phenol-red solution. Tube in 4-6 ml. quantities nnd autoclave 
at 10 lb. for 10 minutes. A 20 per cent, solution of urea is sterilised by Seitz 
filtration and 0-6 ml. added to each tube after cooling to 60° C. to make up a 
final medium with a concentration of 2 per cent. urea. The pH of tho medium 
is 6-8-7-0. 
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Medium B 


Difco bacto peptone ...... 1 g. 

Sodium chloride ...... 5 g. 

Potassium dihydrogen phosphate (KHjPO|) . 2 g. 

Agar ........ 20 g. 

Distilled water ...... 1000 ml. 


Steam irntU the solids are dissolved, filter through lint and add 1 g. 
glucose and about 3 ml. of 0-4 per cent, phenol-red solution. Adjust pH 
6'8-7‘0, tube in 4-5 ml. quantities and autoclave at 10 lb. for 16 minutes. 

20 per cent, solution of urea is sterilised by Seitz filtration and 0-5 ml. added 
each tube after cooling to 60° C. to make up a final medium with a concentration 
of 2 per cent. urea. 

Note. Both media were tested for sterility by incubation at 37° C. for 
24 horns. 


s-os-s. 
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RAPID IDENTIPICATION OP PROTEUS 
Stephejt D. Elek 

From the Department of Bacteriology, St George's Hospital 
Medical School, London 


Ik rontine medical bacteriology organisms of the Proteus group are 
often, encountered during the examination of pus, urine or fseces. 
With cultures of pus and urine most -workers are content to rely on 
smell, swarming and gelatin liquefaction for routine diagnosis ; more 
elaborate biochemical investigations are rarely carried out. In the 
fseces, organisms of the Proteus group have considerable nuisance 
value because they may appear as discrete non-lactose-fermenting 
colonies, their s-warming inhibited by the presence of bile salts in the 
medium. 


Thus Hynes (1942) in a series of 353 fseeal specimens found 10 per cent, 
of Proteus on direct plating on desosycholat© agar, -whereas with tetrathionate 
broth 25 per cent, of the specimens examined yielded positive results. 
Kustigian and Stuart (1945) examined 110 specimens of feces from normal 
people to determine the relative frequency of Proteus. On direct plating on 
eosin-methylene blue and SS agar 10 per cent, of the specimens yielded Proteus. 
After preliminary enrichment 36-3 per cent, were positive. Proteus is therefore 
a common organism in normal material, and although an experienced observer 
may suspect the natm-e of its pale colonies on fecal plates, they cannot be 
identified with certainty unless a series of reactions is carried out. Several 
colonies may have to be investigated, and this is both time-consuming and 
wasteful of material. A simple and rapid test for the identification and 
elimination of organisms of the Proteus group should therefore prove a useful 
adjunct to diagnostic technique. 

For a single property to be of use in determining generic classification or 
as a screen test it must be a constant characteristic of the group not possessed 
by any organism from which the particular group has to be differentiated in 
practice. For the Proteus group such a property is foimd in the ability to 
break do-svn urea. Urease activity of Proteus has been investigated by several 
workers. Moltke (1927) found that 194 straios of maltose- and non-maltose- 
fermenting organisms of the Proteus group all attacked urea. Rustigian and 
Stuart (1941) reported that aU members of the genus except Proteus hydrophilus, 
Pr. ichihyosmius and Pr. bombycis decomposed urea -with formation of sufficient 
ammonia to produce alkalinity detectable by means of an indicator. In 
1942-43 Ferguson and Hook, examining 30 strains of Proteus from animal 
and human sources, used Rustigian and Stuart’s, Ashworth’s (1942) and their 
own method to detect urease activity. Ail but one species, Pr. ichthyosmius, 
gave positive results -with all three tests. 

This evidence shows that urease activity is a highly characteristic property 
of the Proteus group. If the reaction is to be used as a screen test for fecal 
pathogens it must, however, fulfil two further conditions. The first requirement 
j. Tiin. a.<.ci.— TOL. IX IBS 


184 


iS. D. ELEK 


is that nil tlio known pnthogons must show nn nbsonco of urcoso nctivily. 
For this purpose it is clonrly not enough to nccopt n small group ns ropresontntivo 
if fnlso gonemlisntions nro to bo nvoided ; for oxnmplo ono might thus bo led 
into tho fnllnciotis sfntomcnt Hint nil SnimonoHn strains nro indolo nogativo or 
non-liquofiers of gelntin. Ferguson nnd Hook tested 76 Snlmonelln etmins for 
iwenso activity nnd found them nil negntivo. 

Although not essontinl for tho purposes of tho screen test, it is dcsimblo 
that other non-lncloso-formcnting Grnm-nogntivo hncUli should n1so giro 
negntivo results. Ashworth tested 30 strains of pnmcolon bacilli nnd found 
them nil non-uronso producers. Schneider nnd Gunderson (1040) found ono 
strain of Bacterium acrogcncs nnd n strain of Brucella abortu/i tircaso positive 
by their method. Christensen (1940) reportc<l that with his method 21 of 
44 pnmcolon strains examined gave positive results in times mnging from 
0 hours to 0 days. Ho concluded that pnmcolon Aorobneter {= acrogenrt) 
nnd pnmcolon intonnodintes nro urcn.so positive, but thnt pnmcolon Rsclicricliia 
( = coli) nro negntivo. 

Tlio second requirement is thnt tho test should bo enny nnd rapid to perform, 
sinco n time-consuming test is useless for screening purposes. Most urease 
tests now in uso require nt least 24 hours' incubation, during which time the 
organism enn with little more trouble bo put through tho classicnl tests. Stuart, 
van Stmtum nnd Rustiginn (1945) described a rapid method, but it required 
Inrgo inoculn. Schneider nnd Gunderson as well as Cliristoason described 
methods giving quick results, but none of those was designed for tho investigation 
of single colonies. This paper describes my attempt to work out a test which 
would ngroo in its results with tho cstnblLshcd urease methods nnd could bo 
completed in n few hours. 


Technical methods 

TeMs for urease activity 

Tlirco methods were employed for tho detection of ureaso activity. Tlio 
first of these wns tho procedure used by Rustiginn nnd Stuart, tho second a 
modification of it ; tho third wns n method designed to give rapid results. 

Method 1 (Rustiginn nnd Stuart). Tho originnl medium consisted of 2 per 
cent, urea (Merck), 0-01 per cent, yeast extract (Difeo) nnd AZ/IS primary 
and secondary phosphate buffers (Sorenson) in distilled water, to yield n pH 
of 0-8. Becauso of diCficultics of supply, ^Vnnlnr urea nnd mnrmito were 
substituted for tho Jlorck nnd Difeo products originally specified. Tliis medium 
is sterilised by Soitz filtration nnd distributed in 6-ml. amounts in sterile tubes. 
Tho test organism is inoculated heavily into tho medium from a 24-hour 
ngar-slopo culture nnd tho tube incubated for 24 hoiu^i nt 37° C. Tlioroaftcr 
two drops of brom-thjTnol-bluo indicator nro added. Tubes in which men 
has been broken down with formation of ammonia develop a bluo colour j 
a negative reaction is indicated by a pale green colour. 

Method 2 is a modification of tho previous method, nesslerisntion replacing 
tho uso of nn indicator. After 24 hours’ incubation 0'5 ml. of tho culture is 
transferred to a clean Kahn tube nnd 0-1 ml. of Ncsslor’s reagent is added to 
it. A positive reaction is indicated by tho formation of a brown precipitate, 
negative tubes remaining colourless. A blank control and a test with a Itnown 
non-ureaso-producing organism are included in each batch. 

Method 3 is tho rapid test designed for uso in tho identification of tho 
Proteus group. Tho substrate consists of 2 per cent, urea in Clark and Lubs’s 
phosphate buffer at pH 7-2 and is prepared ns follows. To 50 ml. of 0-2 M 
acid potassium phosphate add 36 ml. of 0‘2 N NaOH and 4 g. of piwo urea 
nnd make up the volume to 200 ml. with ammonin-frco distilled water. 

Sterilisation of this substrate is not required. It should be kept in a bottle 
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-with a vaseline-smeared glass stopper and stored in the re&igerator -when not 
in nse. In this way it keeps for about a month. Treahly prepared substrate 
should be tested with a known urease-producer, but for the actual test only 
a negative control and an uninoculated blank need be included. The tubes 
are not sterilised, but the glassware must be scrupulously clean. 

To carry out the test a convenient amount of growth is removed -with a 
cold -wire from a 24-hour nutrient agar slope and emulsified in 0-5 ml. of the 
substrate in a K~Ahn tube. The inocxilum should be heavy enough to give a 
sli^t but distinct opalescence to the fluid -viewed against a dark backgrotmd. 
The tube is now placed in a water-bath at 37° C. for exactly 3 hours. 
At the end of that time it is removed and 0-1 ml. of jMessler’s reagent is added. 
Keadings are fat- po 3 minutes after the addition of the Nessler reagent. Both 
the bleuak and the negative control sho-uld be absolutely colourless. A positive 
reaction is sho-wn by a yellow colour which ranges from a pale but distinct 
yellow to a dark-bro-wn precipitate. The strength of the reaction must not, 
however, be taken as indicative of the vigour with which urea is attacked, 
for organisms from the same culture may 3rield both weak ” and “ strong ” 
reactions on repeated testing, since the concentration of ammonia formed from 
urea under these conditions does not show a linear increase. In fact quantitative 
tests at 3-minute intervals give an ammonia-concentration curve -with spikes 
at intervals of about 20 minutes. There is a rapid increase in ammonia, followed 
by an equally rapid decrease, representing utilisation of amm onia. The increase 
is always greater than the utilisation and in this way ammonia accumulates. 
It -was fo-und by experiment that 3 hours at 37° C. is the minimmn time of 
incubation for reliable results. The strength of the reaction is variable because 
at the time of nesslerisation the culture may be in the ammonia-production 
stage (strong reaction) or ammonia-utilisation stage (weak reaction). The 
incubation should be for precisely 3 hours, since at this time most of the 
cultures seem to give a strong reaction. 

In using method 3 as a screen for isolated non-lactose-fermenting colonies 
a sh’ght modification was introduced. To allow for the smaller inoculum the 
volume of the substrate was reduced to 0-3 ml. and one drop of Nessler’s reagent 
was -used in place of 0-1 ml. Readings were taken 4-6 minutes after nesslerisation. 

The method devised by Ferguson and Hook was also tried, but it gave 
disappointing results in my hands. 


Comparison with other techniques 

Stuart, van Stratum and Rustigian claimed that their rapid 
method gave positive results in times ranging from 40 seconds to 
80 minutes -with large inocula of the order of 3 loopfuls from agar 
slopes. It appeared desirable therefore to determine by titration the 
minimum amount of mrea destmetion necessary to produce a positive 
reaction. It was found that hydrolysis of 0'12 mg. of urea -was 
necessary to produce the required colour change in the medium of 
Stuart et al., whereas 0-012 mg. was sufficient to give a definite yellow 
colour -with nesslerisation in the medium described for method 3 in 
this paper, 

Stuart et al. also stressed that in strongly buffered urea medium 
only merubers of the genus Proteus give e-vidence of urea utilisation, 
whereas in weakly buffered medium colrform and paracolon bacilli 
may also give the reaction. To obtain maximum sensitivity for their 
rapid test, winch is a modification of the Rustigian and Stuart method 
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described under method 1, they lind to reduce the buflcr to a point 
just sufficient to maintain tlio reaction of G-8 in ordinary glassware. 
Tims the medium used for their rapid test has a molar concentration 
of 0-0013 M as against the medium described for method 3 of this 
paper, wliich has a concentration of 0-05 M and appears to bo about 
ten times more sensitive and possesses the advantage of a high molar 
concentration of the bufier. The relative sensitivity of the two tests 
was further illustrated when 35 Proteus strains were tested by both 
methods in parallel with identical inocula of about 500,000 organisms. 
AH were positive with method 3, whereas none was positive \vith the 
rapid method of Stuart ct al. in 3 hours. 

Schneider and Gunderson described a eomplicatod method for 
which thc 3 ' claimed that positive results wore usuallj' discernible 
after 0-8 hours’ and were ver 3 ' prominent after 18-24 hours’ incubation 
at 37° C. Their medium contained peptone, which Ls an alternative 
source of nitrogen, and tho 3 - .stressed the need for a largo inoculum. 
Another modification in which urea was not the solo source of nitrogen 
was described b 3 ’ Christensen. Heavv inocula were nccessar 3 ’ and the 
earliest recorded results Avere obtained after C liours’ incubation. 
These tAvo methods appear to offer fcAv adA-antages ; thc 3 ’ are relativclA" 
slow, require large inocula and contain an alternative source of 
ammonia aa-IucIi raa 3 ' bo the cause of their apparent I 3 ' lesser selectivitA-. 

Tests ron othek rnoPEiiTrES 

Three other properties comraonl 3 ’ regarded in routine Avork as 
characteristic of the Proteus group Avcrc also investigated. These 
were smell, sAvarming and gelatin liquefaction. For the detection of 
smell the organisms Avero groAA-n on nutrient-agar slopes for 24 hours 
at 37° C. in scroAv-capped bottles and smelled imraediatol 3 ’' after 
removal from the incubator. SAA’arming Avns tested for b 3 ' using 
decreasing concentrations of agar. Since commercial agar preparations 
show considerable differences, percentages are misleading. The agar 
used was such that the lowest concentration AAith Avhich a slope could 
be made was 1-5 per cent. ; plates had to bo Aised for 1 per cent, 
agar. Every strain Avas first tested on 2-5 per cent, agar for 24 hours 
at 37° C. If it failed to sAvarm on tliis it was re-tested on 2 and 1-5 
per cent, agar in succession until swarming Avas obserA'^ed. Strains 
which failed to spread Avere re-tested on 1 per cent, agar plates at 
21° C. for 24 hours and a second reading Avas taken after 48 hoiurs. 
Gelatin liquefaction was tested for in the usual Ava 3 '-, readings being 
taken after groAvth for 48 hours at 21° C. 

HEStTLTS 

AH these tests were appHed to a series of 126 strains of organisms 
considered to be members of the Proteus group. Of these 82 were 
obtained from the National CoUection of Type Cultures and 43 Avere 
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recently isolated from human sources. In addition 176 strains of 
Salmonella and 72 strains of Shigella were subjected to the three tests 
of urease activity and 63 further strains of Shigella, 1 6 miscellaneous 
strains of paracolon bacilli, 20 strains of coliform bacdli (including 
9 late-lactose-fermenting strains appearing as pale colonies on 
MacCk)ni 5 ;ey’s medium) and 8 strains of Pseudomonas pyoci/anea -were 
tested by the rapid test only. A single strain of Brucella melitensis 
was also tested. 

The findings with the 125 strains of Proteus are set out in the table 
(p. 188). Identical results were obtained with methods 1, 2 and 3. 
Ten of the 125 strains were found to be non-inrease producers. As 
regards the other properties of the group, 4*8 per cent, of the 
organisms exhibited no appreciable smell, but by no means all the 
remainder had the smell one associates with Proteus. Cultures on 
all the media employed failed to ehcit swarming in 20-8 per cent, 
of strains and only 54-6 per cent, swarmed on agar of ordinary strength 
(2-5 per cent.). Incubation at 21° G. on 1 per cent, agar was required 
to elicit the property in 22 strains (22-6 per cent, of the swarming 
strains). Gelatin was liquefied within 48 hours by 49 strains only 
(39 ‘2 per cent.). 

The tests for urease activity carried out on 176 Salmonella strains, 
135 Shigella strains, 76 paracolon strains, 20 strains of coliform 
bacilli and 8 strains of Ps. pyocyanea all yielded negative results. 
A list of the names of all Salmonella, Shigella and paracolon strains 
tested has been lodged with the Librarian, General Library, British 
Museum (Natural History), London, S.W. 7. 

As a further assessment of the 3-hour test under working conditions 
25 strains of Salmonella and 25 of Proteus were plated on MacConkey’s 
and Leifson’s media. Single colonies from the resulting growths were 
then put through the rapid test. Of 50 Proteus colonies thus tested 
46 yielded clear-cut positive results while 3 gave weakly positive 
results and there was one false negative. This last test was carried 
out with a very small colony. The Salmonella strains gave consistently 
negative results from both media. 


Discussiok 

Urease production proved to be the most constant property of 
I the Proteus group. Of the 125 strains tested ten only were non-urease 

' producers. Rustigian and Stuart obtained the same results with two 

; of these, Pr. bombycis and Pr. hydrophilus, and suggested their 
e.xclusion from the genus Proteus, while St John-Brpoks and Rhodes 
(1940) made the same suggestion about Pr. hydrophilus, hub on 
different grounds. On the other hand Ferguson and Hook found 
^ two strains of Pr. hydrophilus positive to the urease test, but Kulp 
^ and Borden (1942), in an extensive study of this organism, found 
^ that it was a non-urease producer. Strains 29, 30 and 31 in the table 
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were, according to information given by the National Collection of 
T^t^c Cultures, isolated by Dr B. G. T. Elmos in Nigeria during 
1944-4.’» from cases of d^’sentory. Organisms of the same tj'pe were 
isolated from 20 cases in the course of 2 ^'cam. The three straias 
gave identical reactions; they wero motile Gram-negative bacilli, 
producing acid in 24 liours in glucose, maltose, mannitol and sorbitol. 
Lacto.se, sucro.se and dulcitol were not fermented. The indole reaction 
was negative and litm\is milk showed no change. Serological tc.sts 
excluded them from the Salmonella group. They were tentatively 
regarded as Proteins strains and included in the National Collection. 
As is seen from the table, they sliow neither swarming, urease 
production nor gelatin liquefaction. Strains 33-3.'3 are 3 of 7 straias 
isolated by Haines (193S) from rotten eggs. On isolation they showed 
liquefaction of gelatin, which is recorded as “ slow ” (time not stated). 
One of the strains showed late lactose fermentation. They were tested 
for urease activity on isolation and all found negative. On account 
of certain nt 3 q)icnl sugar fermentations they were regarded ns new 
.species of Proteus. Strain no. 37, Proteus pscudovalcricr, was isolated 
bj’ do Assis (1927-28) by blood culture from a man with a typhoid- 
like disease. Its inclusion in the genus is dubious. It is a Gram- 
negative motile bacillus fermenting mannitol and salicin but not 
.sucro.so and showing late lactose fermentation. The organism neither 
swarms nor liquefies gelatin and does not appear to have been 
tested for urease when first isolated. Strain no. 74, Pr. morgani of 
Thjotta, was an old laboratory’ strain and no information is available 
about it. 

Wliether urease production is an absolute generic characteristic 
is largely a matter of taxonomy'. If wo agree with Jloltko, Bustigian 
and Stuart, and Topley’ and Wilson (194G), and exclude non-urensc 
producers from the genus, then the test is clearly' most suitable for 
the rapid identification of the group. Of tho Gram-negative bacilli 
tested, only Br. viditensis gave a positive reaction in 3 Iiours with 
method 3. But since colonics of tho Brucella group will not be 
encountered on the media used for tho routine culture of fmcal material, 
tliis will liardly’ lead to an error in the screen test. 

Even if one does not accept urease production as an absolute 
generic characteristic, the largo majority of strains (92 per cent.) and 
certainly all the common and recognised tyqpes appear to bo identi- 
fiable by means of this single criterion. None of tho otlicr properties 
so commonly used for identification of the Proteus group showed 
equal reliability as a criterion for group identification. Tho negative 
results obtained with strains of Salmonella, Sliigella, coliforra bacilli, 
Ps. pjjocyanea and paracolon bacilli indicate that tho urease tost is 
suitable for use as a screen test in tho examination of fmccs. To carry 
out the test the non-lactose-fermcnting colony under investigation is 
lightly touched with a wire and inoculated into peptone water w'liich 
is incubated and used for further tests if tho urease reaction is negative. 
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The entire remainder of the colony is then used for the rapid test 
as described in method 3. 

The available evidence suggests that urease is a constitutive enzyme 
of the genus Proteus, The method here described is essentially a 
microchemical method for the detection of a constitutive enzyme and 
will yield positive results whether the culture medium is nutrient 
agar, MacConkey’s or Leifson’s medium, ilethods involving the use 
of media containing an alternative source of nitrogen are subject to 
the criticism that alkaline end-products may originate from sources 
other than urea and may produce a colour change in the indicator. 
Prolonged incubation on the other hand may bring adaptive enzymes 
into play. The rapid nesslerisation method (method 3 of this paper) 
cannot be criticised on these grounds, and on account of its specificity 
for ammonia and its great sensitivity satisfactory results can be 
obtained with single colonies within 3 hours, an advantage not 
shared by any of the methods so far described. 


Summary 

1. A simple and rapid micro-chemical test is described for the 
detection of urease production by bacteria in young cultures. 

2. Urease production is a highly characteristic feature of organisms 
of the Proteus group. Of 125 strains tested 115 (92 per cent.) gave 
positive results. The possibility is discussed that the negative reactors 
were erroneously assigned to the group. 

3. Negative reactions were obtained with 176 strains of Salmonella, 
135 strains of Shigella, 20 strains of coliform bacUli, 76 paracolon 
strains and 8 strains of Ps. fyocyanea. 

4. The test, which can be carried out in 3 hours, should be of use 
in the recognition of the Proteus group and as a screen test in the 
bacteriological examination of fseces. 

I wish to thank Dr Theo. Crawford for his help in the preparation of this 
paper. Dr Barnet Levin for providing Protens strains, and Mr T. W, Shaw 
for technical assistance. 
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ADAJtlANTmOiMA OF THE JAW WITH 
PULMONARY METASTASES 


G. E. Waterwoeth and T. H. PuiiAB 

From Napier EospUal and Palmerston North HospitaU New Zealand 

(Plates XXX asd XXXI) 

Adaslamtkoma of the jaw is rarely accompanied by metastases and 
is therefore as a rule treated conservatively. The case here reported 
shovrs some nnnsnal features and it is suggested that the excision of 
such tumours should he more radical than the operation generally 
carried out. 

Case report 

Clinical history 

The patient, a sheep-farmer aged 57, vas admitted to Napier Ho^ital in 
April 1943 complaining of a swelling of the lower jaw first noticed 10 days 
before ; he mentioned that his lower denture had been fitting badly for 6 months. 
Eadiography showed a pvmched-ont rarefaction in the region of the symphysis 
menti. This was thought to be due to a dentigerous cyst. The lesion was 
curetted and the material sent to a pathologist, who reported it as “ poorly- 
differentiated squamous-cell carcinoma X-ray therapy was administered 
to both submaxillary regions. 

Fifteen months later (July 1944) the patient was re-admitted to hospital 
with a firm swelling about the size of a walnut in the floor of the mouth. There 
had been a gradual recurrence at the site of the original tumour. No enlaiged 
lymph-nodes were palpable. He complained of being “ short of breath on the 
hills”, but apparently no X-ray examination of the chest was carried out. 
The tumour was excised locally and was shown histologically to be an 
adamantinoma. 

In Slay 1945 he was again admitted with complaint of shortness of breath, 
tiredness and slight cough of about 6 months’ duration. Eadiography of the 
chest showed numerous sharply defined rounded opacities of varioiis sizes in 
both lungs (fig. 1). These were regarded as secondary tumours or possibly 
hydatid cysts. The Casoni skin test for echinococcal infestation was negative. 
A trial dose of deep X-rays (2400 r) was given to a portion of the thorax, but 
a film taken one week later showed no appreciable effect on the size or density 
of the opacities. 

The patient was first seen by one of us (G. E. W.) in October 1945, when his 
chief complaint was of tiredness and shortness of breath on slight exertion. 
Ho had a slight cough with a small amount of sputum. He was a taU, rather 
thin man weighing 10 stones. Colour and appearance healthy, except that he 
appeared rather worn and frail for a farmer of his age (59). Pulse normal ; 
blood pressure 120/80. Ho was edentulous, and no tumour of the jaw was 
1 . r-iTa. BACT.— rot. ix 193 o 
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nolicod nt this time. There iviis no deformity of the tliornx nnd the heart \ras 
clinically normal. Hclativo dullness was found nt the base of each lung, ospccinlly 
the right, with much diminution of air ctitrj’. 

Ho was kept under observation, nnd in December 19 1.") bo complained of 
another rccurronco of the tumour of Ids jaw, A firm bluish epulis about the 
eiro of a walnut was found in the region of tho Kym{)hyKis menti ; it was painless 
but caused difiiculty in mastication by inicrfereneo with hLs denture. X-ray 
examination of tho lower jaw Hhnwe<l a large bony defect (fig. 2). 

At operation on 9th .January 1910, under pentothnl nna'sthesia, tho ma's 
was found to bo partly cystic, with soft bony trabeenhe in tho solid parts. 
Tho growth was removed, mainly by curettage, nnd sent for examination. 
The patient recovered rapidly from this operation, but .T weeks later Ids condition 
began to show obvious deterioration ; the sputum beenmo more copious nnd 
ho showed great weakness anti loss of weight. Tho chest was ngain nidiographcd 
in March 1940, when a visiting radiologist of groat experience, on renewing 
tho chest-films, cxpresscsl a ntrong opiidon that the pulmonary “tumours” 
were liydntid cysts, and urged exploration. It was thought that an adamanti- 
noma of tho jaw would bo very unlikely to give riso to multiple largo pulmonaiy 
motastnses. Accordingly on 21st March, under avertin, nitrous oxide nnd 
oxygen, thoracotomy was pcrfonne<l by ntr incision in tho eighth left intercostal 
apace. Tho presenting portion of tho lung was found to consist of groyTsh 
solid tumour tissue, not adherent to tho pnriotal pleura, nnd a nmall portion was 
removed for exandnation. 

Tho patient recovered from tho thoracotomy operation, but tho next day 
ho sank rapidly into unconsciousness anti dic<l. Permission for an autopsy 
was not obtained. 

Pathology 

The sections from tlie original tumour of the jaw (April 1043) 
were fortunately available ; these showed some resemblance to 
squamous carcinoma, but dificred little in liistological structure 
from the later material, and we have no doubt that tho original tumour 
wms an adamantinoma. 

The microscopic appearance of the first recurrence (July 1044) was 
similar to that shown in fig. 3. The tumour shows no cystic structure, 
but is composed of convoluted columns of epithelial cells, between 
w'hich lie strands of moderately vascular connective-tissue stroma. 
There arc also numerous irregular islets of an acidophilic hyaline or 
slightly granular substance, which probably represents enamel pulp- 
Tho tumour cells are fairly uniform in size, and at the periphor}' of the 
columns they tend to bo columnar. Tj'pical columnar amcloblasts 
are not present, but some of tho central cells of tho tumour columns 
show the stellate appearance of tho cells of tho enamel-organ. There 
are very few mitoses, and the usual signs of anaplasia and active 
malignancy are absent. The liistological picture seems to agree irith 
that of the adamantinoma classed by Ewing (1934) ns “ ploxiform 
epithelioma ”. 

The microscopic appearance (fig. 3) of the second recurrence 
(January 194G) is similar to that of tho first. Tho cells are still well 
differentiated and show no evidence of a change towards a more 
anaplastic typo. Yet this material was obtained some 8 months after 
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Fig. _ Radiograph of loner jaw, December 1945 
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the radiological discovery of the pulmonary opacities and 18 months 
after the first complaint of dyspnoea. 

The tissue from the lung, however, shows a distinctly more active 
growth (fig. 4), although successive radiographs of the chest showed 
only a slow increase in the size of the shadows. The tumour here is 
undoubtedly of the same type as and in places appears almost identical 
with the primary growth in the jaw, but there is a tendency to the 
formation of larger cell masses and mitoses are more munerous. 

Discussion 

It is generally recognised that adamantinoma of the jaw has a 
pronounced tendency to local recurrence and extension, but metastases 
are apparently rare. In a review of 196 cases McFarland and Patterson 
(1931) accept only two as showing proof of metastases, while Ivy and 
Curtis (1937) go so far as to say that “ metastases are almost 
unknown ”. Nevertheless there are at least seven previous reports 
of presumed pulmonary metastases fi:om primary adamantinoma of 
the jaw ; most of these reports are incomplete, and only Vorzimer 
and Perla (1932) provide histological confirmation of the nature of 
the pulmonary lesions. There are several recorded cases of histo- 
logically proved metastases in the cervical lymph-nodes, but these 
we do not propose to discuss here. 

Summary of previously reported cases of pulmonary metastases 

Cases 1 and 2 (Ewing, 1934, p. 758). “ In one very extensive fibro -epithelial 
tumour I found metastases in one cervical node and a small nodule in the lung. 
In another very malignant case the fourth recurrence was in the cervical nodes 
and loose tissues of the neck and probably in the lungs ”. 

Case 3 (Weissenfels, 1922, quoted by Chont). A histologically confirmed 
adamantinoma of the left mandible, recurring in the jaw ; duration 14 years ; 
clinical and radiological evidence of metastasis to the lung. 

Case 4 (Simmons, 1928). In case 7 in his series “ there was evidence of 
lung metastases ” a month before death. The nature of the “ evidence ” is 
not mentioned. Metastases in the cervical lymph-nodes are stated to have 
been histologically confirmed. The patient had several operations on the jaw ; 
death occurred 15 years after the first appearance of the tumom. 

Case 5 (Vorzimer and Perla, 1932). Adamantinoma of maxilla with 
invasion of antnnn ; duration 21 years. At least seven operations for recurrence, 
and one radium needling. Extensive secondary tumom in lower lobe of right 
lung, confirmed by thoracotomy, bronchoscopy and autopsy, with microscopic 
examination of sections. 

Case 6 (Havens, 1939). Case of adamantinoma in which a diagnosis of 
tumour of the lung was made at the time of death ; there are neither histological 
details nor any mention of necrop^’-. 

(Chont, 1943). A man of 55 ; duration of tumour of jaw 11 J years 
before “ extensive bilateral pulmonary metastases ” were found ; the diagnosis 
of pulmonary metastases was made radiologicaUy. A punch-biopsy from the 
Iimg showed only necrotic material with occasional cellular fragments ; there was 
therefore no satisfactory histological confirmation. Chont also quotes a case 
from Horsley (1924) as showing metastases in the lung, but reference to the 
original paper fails to confirm this. 
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In nil the previously’ recorded cnscs vhero details nrc given, it is 
noteworthy thnt. there wns an interval of well over ten years between 
the first appearance of the adamant inonia of the jaw and the occurrence 
of pulmonary metnstases. In the i)rescnt case large tumours were 
show’n by X-ray examination of the chest only 21 years after the 
patient first noticed difficulty with his dental plate, which may be 
taken ns indicating the onset of expansion of the mandible. It is 
obvious that metastasis to the lungs must have occurred mueh earlier 
than the date of the first X-ray examination of the chest. Yet the 
microscopic apjrcarancc of the tumour of the jaw did not suggest 
high malignancy, and one was reluctant to believe that this slow- 
growing, rather well difierentiated adamantinoma coidd be the 
source of such large pulmonary scconflarics. 

Some of tlie previous reports of secondary' adamantinoma in the 
lungs have referred to the dedifierontiated appearance of the tumour 
which, after many recurrences in the jaw, had shown transformation 
to a frankly carcinomatous or even sarcomatous stnicture. 

Vorzimer and Perla, however, stress the well difierentiated 
histological appearances in their material, and their photomicrographs 
(not unlike those reproduced here) .suggest a relatively bcm'gn neoplasm 
or at least one of slow growih. Faced with the a])pnront paradox 
of a relatively’ benign primary’ growth producing large pulmonary 
raetastases, Vorzimer and Perla put forward the suggestion that 
particles of the primary tumour mav have been inhaled into the 
lung. This would seem a reasonable enough c.xplanation in their case, 
in which the main bronchus to the right lower lobe was found to 
be fiUed with tumour-tissue, and in wiiich the primary' adamantinoma 
was situated in the upper jaw and had sj^rcad into the maxillary 
antrum and nasal fossa. Indeed, such an authority’ ns Willis (1934) 
accepts this ns probably’ almost the only reported case in Avhich the 
spread of a tumour by' aspiration seems lilrely’. In our own case 
there w’as no ulcerating or fungating mass of growth, and aspiration 
of tumour tissue into the bronchi seems unlikely’. 

The other possible modes of spread arc by’ the ly’iniJhatics and by 
the blood stream. Lymphatic permeation is improbable, as there was 
no clinical ex’idence of invasion of the cerncal lymph-nodes, such as 
has been reported in a number of cases of adamantinoma of the jaw 
(Simmons, 1928 ; Now, 1929 ; Gontsch, 1932 ; Havens, 1939). 
are left, therefore, w’ith the blood-borne route as the most lilcoly’ mode 
of spread from jaw’ to lungs in this case. An additional point which 
is perhaps in favour of blood stream spread is the “ cannon-ball ” 
appearance of the pulmonary tumours (fig. 1). 

In conclusion, it seems that an adamantinoma of the jaw’, no 
matter how well difierentiated and benign it appears histologically’, may 
occasionally produce distant metastases. In view of this possibility, 
radical excision of the portion of bone involved should be the accepted 
method of surgical treatment in preference to simple curettage. 




Fic, 4. — Secondfirj- adnraantmoma m lung. Kote the formation of largo solid 
cellular masses m the lower part of tho field, x 1 2.5. 
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Sttsquby 

A case of adamantinoma of the lower jaw is described, with 
extensive histologically confirmed pulmonary metastases. 

In a review of the literature reports are found of seven possible 
cases of secondary pulmonary adamantinoma, one of which was 
histolo^caUy confirmed. The mode of spread in such cases is 
discussed, and a plea is made for more radical surgical treatment 
of adamantinoma. 

Our thanks are due to Dr J. Foley (Medical Superintendent, Napier Hospital) 
for permission to make use of the hospital records, to Professor Alan C. Lendrum 
for his helpful criticism and to iliss M. Runnicles for assistance with the 
photomicrographs . 
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AETI-HiEMOLYTIC ACTION OF VIBIDANS (a) 
VARIANTS OF BLEMOLYTIC STREPTOCOCCI 


Amok Isaacs * 

From the Department oj Bacteriology, The University and 
Wcsicm Infirmary, Glasgow 

A TTSEFtrii method of inducing viridans variants of haemolytic 
streptococci consists in growing these under raised oxygen tension 
(Isaacs, 1947). The question arises as to the nature of the changes 
involved in this transformation. Todd (1928) investigated a non- 
hsemolytic variant obtained by passing a hfemolytic streptococcus 
through mice ; hsemolysin production in shaUovr layers of serum-broth 
■was inhibited if either the haemolytic organism or a heterologous 
hamolytic strain was grown along with the non-hsemolytic variant, 
but one strain of Streptococcus viridans did not act in this way. It 
was concluded that the variant strain produced a substance which 
destroyed its o-wn hremolysin as well as that of other haemolytic 
streptococci gro-wu along with it, but the anti-haemolytic substance 
was not obtained in filtrates of cultures and could not be identified. 
The present report deals further -with the anti-haemolytic property 
of viridans variants. 


Ejfect of a variants on hccmolysin production by Jicemolytic 
streptococci when groion along ivith them 

Haemolytic streptococci were incubated at 37° C. for six hours 
along -with their a variants (Isaacs) in shallow layers of 20 per cent, 
horse- or sheep-serum broth. The haemolysin titres of the whole 
cultures, or of the supernatants after centrifuging, were estimated 
throughout with 0-5 c.c. of a 5 per cent, saline suspension of washed 
sheep red cells, the mixtures being kept at 37° C. for one hour, when 
the results were read. Further incubation overnight at 5° C. did 
not significantly alter the M.H.D. Under these conditions haemolysin 
production was more or less completely inhibited. Plating of the 
mixed culture showed the presence of haemolytic and viridans colonies 
in about equal numbers. Variant strains also mhihited haemolysin 
production by heterologous ^ strains. Thus variants obtained from 
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very labile at 37° C. When a mixture of equal parts of hasmolysin 
and serum broth was inoculated with a variant and tested after 
keeping for 3 and G hours at 37° C., it was not destroyed more rapidly 
than in a sterile control mixture of hremolysin with fresh senim broth. 
Jliltratcs of variant cultures arc actually less anti-hasmolytic than a 
control of uninoculatcd horse-serum broth, the slight inhibitory action 
of wliich is due to the scrum. A mixture of stroptolysin-S (Todd, 
1938) with hydrogen peroxide to give a final concentration of 1/10 
volume was allowed to stand for one hour at room temperature, after 
which it showed the same litre as a control with saline. Thus, in 
agreement with the results of Todd (1928) and Fuller and I^Iaxted 
(1939), peroxide in the concentrations used docs not inhibit the action 
of pre-formed luemolysin. 


Ejfect of peroxide on the extraction by scrum of hccmohjsin 
from hccmohjtic streptococci 

Weld (1934, 1935) extracted a powerful brnmotoxin from the 
deposit of a centrifuged broth culture of a hemolytic streptococcus 
by shaking for one hour with a small quantity of normal serum ; 
and this extraction could be repeated as often as 6 times. Herbert 
and Todd (1944) showed that the properties of Weld’s hsmotoxin 
were identical with those of streptolysin-S and that the hremolysm 
was also extracted by lecitho-viteUin ; hence they suggested that a 
lipo-protein fraction of serum was responsible for the extraction. In 
view of the results described above, the question arose whether 
peroxide influences the extraction of hremolysin from streptococci. 
Five strains of hemolytic streptococci of Lancefield’s groups A, C, 
E, 6 and L were obtained from the National Collection of Type 
Cultures, and the point was tested by the following method. Twenty 
c.c. of meat-extract broth in a 4 x 1 inch container were inoculated with 
a haemolytic streptococcus and incubated for 12-14 hours at 37° C. 
Longer incubation much diminished the yield of haemolysin {cf. Weld, 
1934). The culture was then centrifuged and the supernatant removed. 
Two c.c. of normal horse or sheep serum and several glass beads were 
added to the deposit and the mixture was shaken for one hour. The 
serum extract after separation by the centrifuge and the whole shaken 
mixture were equally hEemolytic, the M.H.D. being 0-01-0-005 c.c. 
If extraction was carried out with normal serum containing 1/10-1/20 
volume hydrogen peroxide, hgsmolysin was absent from the extract. 
The cultures were not sterilised during extraction, as plating showed 
a rich growth of hfemolytic colonies. In order to test the possibility 
that hemolysin was extracted in an oxidised, inactivated form the 

peroxide-serum extracts were treated with a reducing agent sodium 

sulphite or thioglycolic acid ; no haemolysin was found in the reduced 
extracts. 

The following experiments demonstrated that peroxide-treated 
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hfcmolytic orgnniHinR of Lnncofipld’fi groups A, C and E inhibited 
liremolysin production by any of the strains of groups A, C, E, G 
and L. Naturally-occurring strains of Strep, viridam were also 
inliibitory, but. generally to a less degree. 

It is known that peroxide accuiiuilutos in cultures of streptococci 
grown in shallow layens of catnlasc-frcc media (ItfcLood and Gordon, 
1923). Accordingly, a water}' extract of catalase was prepared from 
pork (Euler, 1900). When 1 c.c. of tliLs was added to 0 c.c. of scrum 
broth and the mixture inoculatetl with a hccmolyfic streptococcus 
along with an a variant, the anti-limmolytic action was abolished. 
This suggests that the anti-hremolytic action of a variants is duo to 
their producing ])eroxide. Incidentally it was occasionally observed 
that a p .strain when fir.st tested in shallow layers of sennn broth 
produced ample limmolysin, but when a similar lost was made a few 
day.s later the yield was greatly diminished. Such a result was always 
a.ssociatcd with the presence in the cidture of an a variant. lAhcn 
the strain was purified, a full yield of haunoly.sin was again obtained. 


Effect of growth ijt filtrates of variant cultures on hwniohjsin 
production by hccmohjtic streptococci 

Cultures of a variants grown for 12-14 hours at 37“ C. in deep 
tubo.s containing horse-scrum broth wore Soitz-filtcred. A nii.xture 
of filtrate with an equal volume of fresh horse-serum broth allowed, 
in general, good growth of p streptococci, but hromolj'sin production 
was much reduced. When the variant culture was grown in a shallow 
layer of scrum broth and incubated for IS hours, the filtrate regularly 
inhibited limmolysin production completely and in .some cases inhibited 
grofl-th of the organisms. Such filtrates when diluted with 4 parts 
of scrum broth, inhibited heemoly-sin production but did not inhibit 
grow'th of the organisms. All the above filtrates were catalasc-frco 
and contained peroxide approximate!}’ equivalent to 1 /1 0-1 /20 volume 
solution of hydrogen peroxide. It appeared that peroxide in the 
higher concentration inhibited growth of the hromolytio organisms 
and consequently hmmolysin production. The addition of a preparation 
of catalase to the filtrate counteracted both inhibitory effects ; on the 
other hand, boiled preparations in which the catalase had been 
destroyed showed neither action. In the lower concentration, peroxide 
inhibited hremolysin production but did not affect grow'th of the 
organisms ; in this case the addition of boiled, as well ns fresh, 
catalase prevented the anti-hajmolytic action of the filtrate. This 
property of boiled catalase may possibly bo due to its content of 
lipoids. 

Action of variant strains on filtered hcemolysin 

There is no evidence that variant strains destroy or inhibit the 
action of pre-formed hcemolysin. Seitz-filterod serum hcemolysin is 
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very labile ni 37° C. When n mixture of equal parts of ha 3 molyHin 
and scrum broth was inoculated with a variant and tested after 
keeping for 3 and 6 hours at 37° C., it was not dcstro.vcd more rapidly 
than in a sterile control mixture of hajmolysin with fresh scrum broth. 
Filtrates of variant cultures arc actually less anti-hrcmolytic than a 
control of uninoculated horse-serum broth, the slight inhibitory action 
of which is due to the scrum. A mixture of streptolysin-S (Todd, 
1938) with hydrogen peroxide to give a final concentration of 1/10 
volume was allowed to stand for one hour at room temperature, after 
which it showed the same titre as a control with saline. Thus, in 
agreement with the results of Todd (1928) and Fuller and JIaxted 
(1939), peroxide in the concentrations used does not inhibit the action 
of pre-formed hoemolysin. 


Effect of peroxide on the extraction by serum of hccmohjsin 
from hamohjtic streptococci 

Weld (1934, 1935) extracted a powerful hcemotoxin from the 
deposit of a centrifuged broth culture of a hiemolytic streptococcus 
by shaMng for one hour with a small quantity of normal serum ; 
and this extraction could be repeated as often as 6 times. Herbert 
and Todd (1944) showed that the properties of Weld’s hromotoxin 
were identical with those of streptolysin-S and that the haamolysin 
was also extracted by lecitho-viteUin ; hence they suggested that a 
lipo-protein firaction of serum was responsible for the extraction. In 
view of the results described above, the question arose whether 
peroxide influences the extraction of hsemolysin from streptococci. 
Five strains of hsemolytic streptococci of Lancefield’s groups A, C, 
E, G and L were obtained from the National Collection of Type 
Cultures, and the point was tested by the following method. Twenty 
c.c. of meat-extract broth in a 4 x 1 inch container were inoculated with 
a hemolytic streptococcus and incubated for 12-14 hours at 37° C. 
Longer incubation much diminished the yield of hsemolysin (c/. Weld, 
1934). The culture was then centrifuged and the supernatant removed. 
Two c.c. of normal horse or sheep serum and several glass beads were 
added to the deposit and the mixture was shaken for one hour. The 
serum extract after separation by the centrifuge and the whole shaken 
mixture were equally hsemolytic, the M.H.D. being 0-01-0-005 c.c. 
If extraction was carried out with normal serum containing 1/10-1/20 
volume hydrogen peroxide, hsemolysin was absent from the extract. 
The cultures were not sterilised during extraction, as plating showed 
a rich growth of hsmolytic colonies. In order to test the possibility 
that hsemolysin was extracted in an oxidised, inactivated form the 

peroride-serum extracts were treated with a reducing agent ^sodium 

sulphite or thioglycolic acid ; no hmmolysin was found in the reduced 
extracts. 

The following experiments demonstrated that peroxide-treated 
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streptococci do not yield lia;niolysin on siibsccpicnt extraction idth 
scrum. The .‘;cdimont from a brotli culture was slinkon for one hour 
with scrum containing 1/10 volume Tins was centrifuged, the 

supernatant removed and te.sted for lucmoI}’.‘?in, and tlic deposited 
cells re-shaken with fresh scrum. Neither extraction yielded any 
hffiraolj'.sin. Streptococci extracted twice with serum alone gave 
hajinoly.sins each with a M.H.D. of 0-00.’5 c.c. Further, pero.xide- 
treated bacteria when shaken a second time with serum plus isotonic 
cataln.se solution failed to yield liicmoly.sin. The accompanying 
table .sho^ys the results of such an experiment carried out wth the 
sediment from a ir)-liour culture of a group-G .strain, 

Tault; 


Mccmolysiu yielded by two succestifc rrlntctiotix of hcnnolyiic jslrcptococei 


Ciiltnrp: 
[HJrtlon no. 

Klf^t fxtmrtlon 

' - , 

.‘vfonci fxtrartlon j 

1 

Kxtrarlor 

Urrmolynin 
{M.1M). Incr.) 

Kxtrnctor 

HTrmIr,!n 
(M.H.U. Inr.c.) 


2 0 . 0 . wriun 

000.', 

2 c.c. Fcmin 

001 




] C.C. wilino 


o 

2 c.c. Bonim 

j. 

1/10 v'ol. H,0, 

Noiip • 

2 c.c. Fcnim 
+ 

1 c.c. .Fnlim' 

Xono 

3 

2 c.c. wrum 

4. 

1/10 vol. HjO. 

Xono 

2 c.c. ponim 
-t 

1 c.c. cntnlo-FO 

Xonc 








* Xonc* |iTmoIy**In n!i«ont from 0*5 r c. 


Similar experiments in wlu'ch catalase was replaced by the reducing 
agents sodium sulphite or thiogl}’colic acid j'ieldcd the same result. 
Further, it was found that streptococci shaken with scnim containing 
1/10 volume hy’^drogon peroxide, allowed to stand dry at 5“ C. for 
48 hours and finally extracted with serum did not yield hrcmolysm, 
although this was found in control cells shaken with serum alone 
and then treated similarly. 

Thus organisms treated vdth concentrations of peroxide wliich did 
not exert a marked killing action novortholess failed to yield hmmolj'sin 
on subsequent extraction with serum. But treated organisms returned 
to the haemolytic state when plated on blood agar. 

Discrrssiox 

Todd (1928) first observed that disappearance of hmmolysin from 
cultures of heemolytic streptococci coincided -with the appearance of 
peroxide, but he concluded that the phenomena were unrelated, since 
peroxide had no action on haemoly’^sin. Fuller and Maxted, who 
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coTsfirnicd tlvcsc findings, noted in addition that cultures of a vnrinnts 
produced peroxide earlier than the hfcmolytic organisms. They 
concluded that peroxide acted as a>i antiseptic aTid by preventing 
multiplication of the organisms inhibited hremolysin production. A 
difficulty arose, however, in reconciling the amount of peroxide 
required to inhibit hrcmolj’sin production with the much greater 
amount required to prevent multiplication of the organisms. 

Since the work of Weld on serum extraction of streptococcal hremo- 
Ivsin, a new conception of its nature has arisen. Hseniolysin is looked 
upon as a normal component of the cellular complex of the haemolytic 
streptococcus, which can be extracted from the organisms by serum. 
The formation of scrum luemolysin in serum-broth cultures of 
streptococci thus involves two stages— the production of hmmolysin 
within the cell membrane of proliferating streptococci and the 
extraction of the hremolysin by a lipo-protein fraction of the scrum. 
The process is presumably similar on blood agar. 

The results described above accord with tliis hj'pothesis. The 
anti-hffimoljdic action of a variants is due to their production of 
peroxide. Further, the addition of peroxide to a culture of a h£Bmol3d;ic 
streptococcus in concentrations not exceeding that produced during 
the growth of an a variant prevents subsequent extraction of 
hremolysin from the hajmolytic organisms. The variant strains of 
Todd (1928) and Fry (1933), wliich were hremolytic anaerobically 
and non-h^molytic aerobically, may be regarded as intermediate in 
character between hajmolytic streptococci and Strep, viridam, the 
peroxide produced in aerobic growth being sufficient to render the 
cells, as it were, impermeable to haemolysin ; thus they would appear 
“ non-hasmolytic ”. The a variants here described, like the naturally- 
occurring Strep, viridans, appear to represent a further stage in this 
process. Such an explanation implies that the capacity for haemolysin 
production has not been lost by the variants ; hence from the genetic 
point of view there would be less difficulty in accounting for cases in 
which the haemolytic form reappears. But the question remains 
unanswered whether viridans organisms have ceased to produce 
hffimolysiu or whether it is produced in a form so far unextractable. 

An almost constant feature of the a variants was that the change 
to the non-hsmolytic character was accompanied by a change in the 
culture from rough to smooth. In addition, unlike the “ intermediate ” 
strains of Todd and of Fry, the variants had lost the carbohydrate 
group-specific antigen, or it had become modified. It remains to be 
determined whether these simultaneous changes have the same 
mechanism. 


Summary 

1. The anti-hsemolytic action of a variants of hsemoljdic strepto- 
coccx IS due to their producing peroxide and can be abolished by 
adding catalase to the medium. 
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2. Hremolytic strejilococci {rented with non-Iotlinl concentrations 
of liydrogcn i>croxido similar to those produced in cultures of a 
variants no longer yield luumol}'sin on extraction with scrum, but 
they can give rise to hrcinolytic descendants. 

Tlinnlcs nro «luo to tlio Itunkin Medical Ketearch Fund for o grant towards 
tho expenses of this work. 
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BULLET EMBOLISM : A CASE OF PUL^IONAEY 
ElMBOLISi^I FOLLOIVING THE ENTRY OF A 
BULLET INTO THE RIGHT VENTRICLE OF 
THE HEART 

Douglas H. Colltl'S 

Department of Pathology and Bacteriology, The University of Leeds 

(Plate XXXII) 

Embolism resulting from the movement of a bullet or other projectile 
within the blood vessels is a rare but not unrecorded event. Only 
eight cases of pulmonary embolism of this nature have been found 
in the literature. Impaction of foreign bodies in systemic arteries or 
veins has been commoner. The behaviour of solid metallic bodies 
l3?ing free in the heart or blood channels is a matter of interest to the 
morbid anatomist and yet only one paper on the subject (Straus, 
1942) has appeared in a pathological journal within recent years, 
although there have been a number of records of the surgical removal 
or radiological observation of such bodies. The object of tliis paper, 
therefore, is to describe a new case of pulmonary embolism by a 
bullet and to present a short review of the literature relating to 
foreign body embolism. 


Case report 

Clinical history 

Male, aged 38 , an aircraftsman employed as a fitter at a R.A.F. station in 
England. Family history of mental instability. Depression and anxiety for 
about a year, culminating in a carefully prepared attempt on his own life on 
21 st November 1944. The weapon was of his own make and consisted of a solid 
block of aluminium about the size and shape of a matchbox through which he 
had drilled a hole of the right calibre to receive a Sten gun cartridge. A metal 
clip attached the contraption to his braces, holding the nose of the bullet 
directed towards the heart. He fired the shot by striking the breech of the 
cartridge forcibly with a heavy spanner wielded by his right hand supporting 
his own body against the trunk of a tree. The bullet entered his chest. There 
was very little bleeding or shock and he drank some Lysol but promptly spat 
it out. He then walked away to seek help.^ 

Clinical examination and course 

On admission to Whamcliffe Emergency Hospital, Shefiield, some four hours 
later, he was vomiting but was able to walk into the ward and undress. There 
was a small wound of the chest over the heart but no exit wound, and signs 
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of n Rmnll loft plcurnl cffuRion wore proaent. X-rny pIiowwI n bullet within 
tho thorax, locnliHccl nn hoinp infm-cnrtlinc by pcrconing ond croas-dircction 
plates. It moved witli tho heart beat but did not whirl about aa though it 
■wore free in tho blood currents. High Kwinging fever commenced on the next 
day and pcrsistcel till death. On 2Hth November pericardium and heart wall 
xvero explored at operation but tho bullet was not <letectcd. Tho loft h.-ernothornx, 
which was infcctetl, was dmintsl. 'J’hcreafter he won very ill. Fever was 
uncontrolled by chemotherapy. It was regrettable that no further X-my 
examination could be made. Ho diesi on 10th December, having survived his 
injury for 10 days. 


Posl-viorlctn caram hmtion 

Exlcnml. Wasted adult male. Small healed puncture wound on 
front of left cliest, level with and H in. medial to the nipple and 
overlying tho 4th intercostal .space. Xo burning or powdering of 
skin. Healed surgical incision on prccordium. Sore.s on lips consistent 
witli attempt to drink corrosive liquid. 

Inicnial, A segment of tho 41h and bth rib.s had been removed 
at operation. Infection benenth .skin at operation .site. Pericardium. 
Recent fibrinous pcricarditi.s with about 2 or., of turbid exudate. 
Heart. Tho heart wa.s first opened in sitn and was further dis-'ceted 
after removal with the re.st of the tlmracic vi.scera. On the anterior 
surface a small tear in tho muscle corresponded in position to the 
wound of entrj' in tho overlying skin. This point of entry into the 
heart was situated on the anterior wall of tho riglit ventricle just 
to tho riglit of the anterior intcn’cntriculnr sulcus and at the base 
of tho conus arteriosus. On opening tho heart, a deep ragged ulcer, 
16 xG mm. in diameter, was expo.Rcd on the right ventricular aspect 
of tho interv'entricular septum. It lay just below tho left anterior 
cusp of the pulmonary valve (fig. 1) and was lined b}' blood clot and 
tom muscle fibres. No bullet was found in tho heart, and indeed the 
rest of tho organ appeared normal. Lungs. Septic left liaemothorax. 
Blood-stained effusion in right pleural sac. The middle and lower 
lobes of the right lung felt solid and on section gave the appearance 
of a haemorrhagic infarct, being drier and firmer than tho rest of 
the lungs, which wore oedomatous. There wore slight pigmentarj' 
changes and septic softening in portions of tho infarct, which was 
clearly not agonal. Tho bullet lay in the low’or primary branch of 
tho right pulmonary artery, pointing down tho lower lobe branch 
and occluding tho middle lobe branch by l 3 ’ing across its orifice. 
It filled the artery xvliero it lay and firm thrombus extended from it^ 
apex into the distal parts of tho vessels. A loose propagated clot 
lay just behind tho bullet (fig. 2). Tho bullet weighed 7 ‘45 g. and 
measured 9-0 mm. in calibre and about 14'6 mm. in length. It was 
found to fit snugly, when placed nose dorvnwards, into tho ulcer 
crater on tho interventricular septum of tho heart. Other organs 
showed no evidence of disease other than passive venous congestion 
of the abdominal viscera. 
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Fig. 1. ^Heart, Right rentriclo opened to show the inten cntnculnr septum, with a 

deep ulcer where the bullet had lodged just below the left anterior cusp of the 
pulmonary valve. 



Fig 2 — Right lung low er lobe and portion of middle lobe. Hsemorrliagic infarction 
with pigmentary changes and septic softemng. The bullet is impacted m a branch 
of the pulmonaiy arteiy and is surrounded by blood clot 
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Comment 

It ^vas evident that the bullet had been discharged at very low 
velocity since the improvised weapon possessed no breech block to 
absorb' the counter-thrust of the cartridge explosion. In its short 
course it had traversed the man’s shirt and vest, skin, chest wall, 
intercostal tissues, left pleura, anterior border of left lung, pericardium 
and anterior heart wall, crossed the conus arteriosus of the right 
ventricle and become embedded in the interventricular septum. 
Hajmorrhage from the lung resulted in a left hemothorax which 
quickly became infected. The bullet narrowly missed the anterior 
descending branch of the left coronary artery and there was no 
bleeding into the pericardial sac. It is not knorni when the bullet 
escaped its lodgement in the septum and became free in the right 
ventricle, nor when it passed into the pulmonary artery to cause 
infarction of the right lower and middle lobes. The patient had 
been very ill, with delirium and high fever, for many daj's before 
dying from the combined effects of sepsis in the left pleura and 
pericardium and of the extensive pulmonary’ infarction. 


DisctfSSio>’ 

Wounds of the heart are not uncommon. The three important 
causes of early death in these cases are hcemorrhage, cardiac tamponade 
and disturbance of heart function (King, 1941 ). Where there is 
neither an open wound nor progressive intrapericardial bleeding the 
patient will usually make a good immediate recovery, even although 
a foreign body is lodged within the heart (Turner, 1941 ). The arrest 
of a missile in the heart results from its low velocity, most often in 
the case of a spent bullet but sometimes as a result of the bullet 
striking a hard object on its passage, and occasionally, as here, when 
an imperfect weapon is used. There have been many instances of 
missiles lodging in the pericardium. These need not be further 
discussed. There are also a few records of projectiles remaining 
embedded in cysts or scar tissue within the heart wall (Gilchrist, 
1929 ). Turner ( 1940 ) observed a man with a bullet in the wall of 
the left ventricle for 23 years. Foreign bodies have been located on 
various occasions in each of the four chambers of the heart, but they 
have been foimd far more frequently on the right side than on the 
left. There are two reasons for this. First, the heart is usually 
wounded from the front and the anterior aspect of the heart exposes 
about tmee as much of the right as of the left ventricle, in addition 
to the right auricle and root of the pulmonary artery. EUdn ( 1941 ) 
found in a series of 38 cases, mainly stab-wounds, that the right 
ventricle was more often wounded (17 instances) than any other 
chamber or intrapericardial vessel. Second, foreign bodies may be 
carried as emboli in the systemic veins to reach the right side of the 
heart ifi.g. Lyle, 1917 ; Bland-Sutton, 1919 ). 
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In these cirounistaiices it is remarkable tlint pulmonary embolism 
from the ejection of an intra-cardiac missile into the pulmonary 
artery- 1ms been so rare. Decker {lfl.‘U>-40), reviewing 109 cases of 
foreign body in the heart and pericardium reported in the literature 
since 1900, states that only 2 out of 27 deaths were attributed to 
])ulnionnry embolism, altbougli 99 foreign bodies reached the right 
ventricle and 8 the right auricle. It is nl«o apparent that the embolic 
movement of missiles is much less common in the pulmonary artery 
than in other hlootl vessels. Paltauf (1999), surveying 91 records of 
projectile embolism, found tlint only 9 alTected the pulmonary artery, 
and Straus (1942) found only 4 of this kind in his 92 collected cases. 
So far as can ho determined, having regard to the imperfect biblio- 
graphy of some of the publications, only eight instances of piilrnonary 
embolism by bullet, or shell fragment have hitherto been reconlcd. 
Decker (1999-40) quotes two cases, one flescribcd by Jfnfli in 1917 
and one by Moore in 1992. Straus refers to two earlier cases reported 
by More.stin in 1909 and by Hoffmann jirior to 1912. Four other 
cases (Fullerton, 1919; Fry, 1920; Paltauf, 1999; Straus, 1942) 
may be given fuller mention as they show some of the different wa>'s 
in which pulmonary embolism can occur. 

Fullerton observed immediate signs of pulmonary infarction in a 
soldier wounded in the left loin. At nutoj).sy he was able to .see that 
the bullet, taking an ujnvard and forward course, lind ])a.sscd through 
the posterior wall of the right ventricle and been swcj)t into the 
upper main branch of the right ])ulmonnry artery. Fry records the 
migration of a rifle bullet from the left internal iliac vein through 
the right auricle and ventricle to the lower lobe branch of the left 
pulmonary artery. This bullet on entry had produced a communication 
between the vein and the e.xternal iliac artery oTid the consequent 
rise in venous pre.ssure propelled the bullet towards the heart. It is well 
known that a metallic embolus may' fall by gravity against the norinnl 
venous current. This has been observed radiologically (Grandgerard, 
1917), when a shrapnel ball, whirling about in the right auricle, 
suddenly dropped down the inferior vena cava and came to rest m 
the right hy'pogastric vein. Davey' and Parker (194G-47), operating to 
remove a shell fragment from the left innominate vein, observed it 
to slip first into the right auricle and thence down the inferior venn 
cava into the right iliac vein. The influence of gravity on the movement 
of metallic bodies in the vessels is also seen in Straus’s case of fatal 
pulmonary embolism. This patient, a negro, was wounded in the 
abdomen, the bullet entering the right common iliac vein. He was 
brought to hospital sitting up in a taxi and Straus thinks that the 
bullet moved to the heart and thence to the left pulmonary artery’ 
when the patient was put to bed in a head-down posture to combat 
shock. Harken and Williams (194G) vTite of two successful operations 
for the removal of foreign bodies from the pulmonary arteries. In 
one of these a bullet which was in the left artery slipped into the main 
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vessel nnd then into the right artery while the patient was Ijnng on 
his richt side. Paltanf’s case of pulmonary embolism differs from the 
othcra in that the bullet entered directly into the intrapcricardial 
portion of the pulmonary artery and moved on to cause infarction 

of the lower lobe of the right lung. 

As in the present case death was not always duo simply* and directly 
to pulmonary infarction. In Straus’s ease there was also general 
peritonitis, in Paltauf’s pericardial tamponade and in Fry’s toxaimia 
from gangrene of the leg. 

A word may be said about systemic arterial embolism by projectiles. 
Occasionally these enter by way of a wound of the left ventricle 
(O’Xeill, 1917), sometimes by a wound of a large artery such as the 
iliac or femoral but more commonly by penetration of the thoracic 
or abdominal aorta as in 10 of the 32 cases reviewed by Straus. 
Penetrating bullet wounds of the aorta are not always fatal (Bland- 
Sutton). Sometimes the bullet, having entered the ascending arch 
of the aorta, falls back into the left ventricle : more usually it is 
swept towards the peripherj’^ to become impacted in a vessel of 
appropriately diminished calibre. 

The general conclusions to be drawn from the foregoing may be 
stated as follows. Solid missiles which enter the vascular system may 
migrate therein in a direction which is determined by the balance 
between the effects of gravity and the propelling pressure of the 
blood stream. Projectiles are more likely to enter the right-sided 
than the left-sided chambers of the heart, and may arrive there by 
direct wound of the heart by a low velocity missile or by carriage 
through the veins. Pulmonary embolism by the projectile is a 
somewhat rare sequel and is not by itself necessarily a direct cause 
of death, even though the embolus and resulting area of pulmonary 
infarction are large. 


SuaESUBY 

A case is recorded of pulmonary embolism by a bullet which 
became free within the right ventricle after having been temporarily 
embedded in the interventricular septum. 

The subject of embolism by intravascular missiles is briefly 
reviewed ; only eight previous cases of pulmonary embolism have 
been found in the literature. 
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THE PATHOGENESIS OF GLOI^IERULO-NEPHRITIS : 
A RE-INl’^ESTIGATION OF THE AUTO-BDIUNI- 
SATION HYPOTHESIS 

J. H. Humphrey 

From the Department 0 } Bacicriologtj, University College Hospital 
Medical School, London 

The resemblance of the lesions observed in human glomerulo-nephritis 
to those produced experimentallj' by injection into animals of antisera 
against renal tissue prepared in animals of another species (Smadel, 
1936 , lit.) has stimulated numerous attempts to obtain antibodies 
against renal tissue in animals of the same species. 

Tlie first successful steps in this direction were reported bj- Schvrentker 
and Comploier (1939), -who obtained in-vitro e^ndence of complement-fixing 
antibodies after the repeated injection into rabbits of rabbit kidney emulsion 
plus staphylococcus toxin. In 1945 Cavelti and Cavelti (a, b and c) reported 
the successful production of auto-antibodies to kidney tissue in rabbits and rats, 
and described clinical and pathological changes in the rats closelj’ resembling 
those found in human acute and chronic glomerulo-nephritis. Their best 
results were obtained by the repeated intraperitoneal injection of group-A 
streptococci (grown on synthetic medium and killed by ether, alcohol, chloroform 
or heat) mixed with finely ground fresh rat kidney tissue which had been freed 
from blood by perfusion with saline in vivo. Dosage of the mixture of 10 per 
cent, kidney tissue suspension plus 1 per cent, streptococcus suspension varied 
from a total of 0-5 c.c. to 20 c.c., and courses varied from a single injection to 
injections repeated on ten consecutive days. Antibodies were detected by the 
collodion particle agglutination technique, using fresh kidney extract to sensitise 
the particles. In their experiments, urinary changes (increased proteinuria, 
casts and red cells) usually appeared 7-14 days after the end of the course of 
immunisation — a period of time corresponding roughly to that which elapsed 
before antibodies were detected. The incidence of mrinary changes following 
single injections of relatively large doses was low, but with repeated injections 
totalling 20 c.c. the incidence was 100 per cent. Animals which showed no 
effects after a first course of injections often responded when the course was 
repeated one month or more later. The antibody titre was not closely correlated 
with the intensity of the urinary changes, and maximum antibody production 
tended to appear after longer courses of immunisation than were necessary for 
the production of urinary changes. 

In control experiments in which kidney tissue alone was injected neither 
antibody formation nor nephritis resulted ; when streptococci alone were used 
only occasional positive results were obtained, and these only with the largest 
doses. 
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Cnvclti nnd Cnvclti (lO lnn) concluded tlmt llicir evidence supported 
tlic suggestion previously ndvnnced by Schwentkor nnd Comploicr 
ihnt human gIomcrulo-ne])hritis mny be due to nuto-nntibodies to 
kidney cells. 'J'liey postulated that during the acute streptococcal 
infection which commonly precede.s acute nephritis a complex kidney- 
.strcptococcus antigen is formed which initiates the formation of 
auto-ant ibodie.s to kidney tissue. Acute glomerulo-ncphritis is 
precipitated by tlic subsequent reaction of the antibodies with the 
kidney cells. 

This lnq)othesis, should it prove correct, has important implications 
for the study of diseases other than glomerulo-nejdiritis, for example 
rheumatic fever. Although tlio retiology of rheumatic fever is 
unknown, it is a disease wliich is closely ns.«ociafed with .streptococcal 
infection nnd its histopathology resembles that found in experimental 
allergic conditions. Furthermore it has recently been observed by 
Hawn and Janeway (19J7) that when single injections of purified 
bovine plasma-protein fractions are given intravenously' to rabbits, 
the le.sions in animals which show a h\q)or.scn.sitive rc.sponsc may 
predominantly' involve either the large arteries and heart valve.-? or 
the glomeruli, depending upon which fraction is injected. 

In order to investigate the part played by streptococci in the 
cau.sation of rheumat ic fever it was desirable to have a reliable biological 
indication of their power to evoke auto-antibodies, nnd it was decided 
to attempt to repeat the Cavcltis’ work. No evidence in support of 
thc.se claims could bo obtained. This discrepancy is so puzzling and 
calls so urgently' for elucidation tlmt tlie following investigation 
reported in some detail. 

JIaTKIUAI-S and MimiODS 

Pats. Tlio Moclicnl Hesenreh Council inbred strain of black and white 
lioodo<l rats was used. The animals were liousc<l in cat’es arranged so tlmt 
every cage contained one member of each experimental group. Some 
contained females but tlio majority were males. The experiment was conducted 
during winter nnd spring, but the animal room was maintained at a temperature 
of G0°-70° F. Diet consisto<l of compressed rat cubes made to the formula of 
Parkes (10-15-40), and water was given ad lib. On this diet the rats grew stc.adily 
during the experiment from an initial weight of 120-150 g. to 200-250 g. 7hc) 
-n-ero able to bear and to rear full litters. 

All the rata were infested to a alight degree with Capillaria, tlio ova of 
were found in the urine. Acarus infestation was also present, but was controlled 
by the occasional application of benzyl benzoate emulsion. Neither of these 
parasites appeared to linv-o any adverse afToct on the bonith of the rats. 

Urine. This was collected over 24-lir. periods during which the rats received 
no food or ivator. During tho 24 hrs. preceding each period of collection thc> 
wore given n solution of 0-3 per cent. NH^Cl-fO-l per cent. NaCl in water to 
drink, in order to acidify tho urino, as recommended by tlio Cavcltis (1945c). 
Tho urino was preserved from bacterial growth during collection by tho addition 
of a few drops of 0 per cent, formaldehyde. About half of tho centrifuged 
deposit was examined for cellular constituents. Protein -was estimated in the 
supernatant with Tsuchiya’e reagent ns described by tho Cavcltis nnd tho rosuk^ 
expressed in mg. per 24 hrs. 
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Kidneys. Tlieso wore obtninod from normtil rnts nftor perfusion witli stcrilo 
0-D per cent. IsnCl solntion vin Ibo left twwiclc under ether nntesthesin. Perfusion 
vms continued until the kidneys were blanche<l nnd nmcroscopicnlly free from 
blood : microscopically a few rod colls could still bo scon in fixed sections. 
The kidneys were removed with aseptic precautions, blotted and wcigbcxl. 
They were* then ground very finely with smnd and palino in a chilled mortar 
and* after brief centrifugation to remove largo particles, the suspension was 
stored at —76° C. It was diluted with physiological saline before use to give 
a 10 per cent, suspension calculated from the wot weight of the kidney material. 
Such a suspension contained 2-0-2-2 per cent, kidney solids. All batches of 
Iddnev were tested for sterility before being stored at —76’ C. 

Aulolysed kddney. Fifty per cent, suspensions of fresh kidney in saline were 
gently shaken with toluene and incubated under toluene at 37° C. for 24 hrs. 
The toluene was removed in vacuo and the autclj-satc stored at -t-2° C. Such 
autolj'satcs were stcrilo and showed no whole cells in stained films. 

Streptococci. Two strains were used, both belonging to I.anccficld group A 
but differing widely in virulence. 

Strain "Richards” (N.C.T.C. 5631). This strain bad been passaged 
through mice and was highly virulent (II.L.D. for mice by intrapcritoneal 
inoculation 6-25 organisms). It produced powerful streptolysin “ O ” and 
“ S ”. It was grown on the semi-synthetic medium of Bemheimer cl al. (1942) 
supplemented with 0-2 per cent, marmite, since growth was slow in the original 
medium. Bather large inocula had to be used and there was some reduction 
in virulence (M.L.D. for mice approximately 1000 organisms). Growth was 
allowed to proceed at 37° C. for 48-60 hrs. and the acid produced was neutralised 
by the addition of NaOH after 24 nnd 48 hrs. 

The organisms were centrifuged out and, after removal of the supernatant, 
re-suspended in saline as a 2 per cent, (v/v) suspension. Ether * was added to 
10 per cent, (v/v) and after violent shaking the mixture was allowed to stand 
for 24 hrs. at 2° C. The ether was then removed by the pump and the suspension 
of organisms stored at —76° C. Tests of sterility were made by inoculation of 
1 c.c. or more of a 2 per cent, suspension into 100 c.c. of nutrient broth and by 
spreading a loopful of bacterial deposit over a blood-agar plate. It was found 
that, unless the streptococcal suspension had been shaken violently with ether, 
some organisms survived. 

Strain N.Y. 5. This strain was obtained from Dr P. A. Cavelti. It was 
relatively avirulent to mice (M.L.D. approximately 10' organisms), although it 
produced a powerful hsemolysin. It gave a similar growth to strain “Bichards” on 
synthetic medium, but was mostly grown on a semi-synthetic medium consisting 
of an acid hydrolysate of casein with yeast extract -f marmite and glutamine, 
and 1 per cent, glucose. Growth on this medium at 37° C. was excellent- Acid 
produced was neutralised at 24, 36 and 48 hours and the organisms were then 
harvested. Subsequent treatment was the same as that of the “ Bichards ” 
strain. 

StTcplococcuB-kidney mixtures. One volume of a 2 per cent, saline suspension 
of killed organisms was mixed with 1 volume of 20 per cent, kidney suspension. 
The mixture was allowed to stand at room temperature (approximately 20° C.) for 
at least half-an-hour before being injected, but the maximum period of exposure 
to room temperature of any mixture was 4 hours. The Caveltis (19456) tried 
precipitation of the streptococcus-kidney mixture with acetone at 70° C. in 
order to obtain a dry powder, but since they found that a simple mixture was 
equally effective only this method was used. 


ether used was later tested and found to contain peroxides. The total 
quantity of peroxides m 10 c.c. of ether was equivalent to 0-015 me. of H,0 
quantity so small as to be unlikely to alter the streptococci significantly ^ 
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Schtdulr of iinmuni^'ilion 

Two }fC’lio(liiJe*i wen* u“c<l. in otio <ir wliifh Uio nitfl rorcivwl single Inrgo 
injcrtiotiM of 8trc])toci«'('i, of hiilncy »'twj)pii'<icin or of Iiotli, nnci in tlio otiicr 
ropontod .mniilltT clo'^cs’. KcliC'diilo 1 ooii'iistod of n Kiiigli' intrnj>orilonoal injection 
of 10 c.c. rcjK'Ato'l nftor 2 tnonflix ; nflioeluln 2o of C inlrnperifoneal iiijectinni 
of 2-ri nt 2-(lay intorvnla. roin'/itod nftor 2 inontln ; prlii'dulo 26 of 9 
iritrnperitononl injwtiortM of 2'r> o.o. lit iJiiiJy int('rvn]‘i. 


Gfii‘'nil plan of rj-p'-rimi'nl 

(lroup-4 of rats wcro injivlod with lUfTcn'iil inatorials im follows ; — 

(A) S rats jTfoivofl riroptwoocns “ Jticliards "-K'iilnoy ini.vtnriN ncconling 
to sfliwiiik' 1 iind S according to fcIksIiiIc ‘la, 

(H) 10 rats rccoivfsl streptococcus N.Y. odcidney mixtures aceonling to 
pchcdulo 26. 

(C) Cl rata received streptociK-eiis “ llichnrds ", 1 j«'r cent, in paline, nceonlinp 
to Pclieiiiile 1 and C nccortling to scheihile 2o. 

(D) 0 rats received kidney (Suspension, l(> j>er cent, in saline, aecordinc to 
schedule 1 and 0 according to seheslule 2/i. 

(K) S rat.s were use<l ns cage controls and ro<-eivod no inoculations. 


CoUinlion jxtrtirh (ujijluliiuitiou 

Collodion particles were prepared by tlie method of Cannon and Mnrslinll 
(1910) and wi'ro separattsl by ilifTerential <'entrifugation as d(*scrihed b.v Cavclti 
(1014). The technique of sensitisation of particles with antigen used by Cavclti 
was siinjilo admixturo of dilutisl p.artie)es with a suitable rlihifion of antigen 
imniediately before ii«e. 'J'liis method jirovefi satisfactory, but it was found 
that more dependable results were obtnincsl wlien the particles were co.stcd 
by allowing a thick suspension of particles to stand in contact with a stronc 
solution of antigen at 2^ C. oi-ernighl. The sensitised particles were then dihifc<l 
100-fold with O’-la per cent. XaCl before use, giving final dilutions corresponding 
to those used by Cavclti, All tests were controlled with nonnal senna and 
with unsensitised particles. 'Die method was tested with throe known .sj'steros: 

(а) Particles sensitised with a 1 : .’500,000 solution of purified !>•)» i 
pneumococcus capsular })olysnccharide were agglutinated by a 1 :42,000 
dilution of commercial nnti-pneurnoeoccus tjqio I rabbit scrum. 

(б) Two rabbits wore injected intrnperitoncally witli CXl g. of frog mtisclc 
su-spension. Sera from those rabbit.s causcrl siiocifio agglutination of particles 
coated with muscle extract to a titro of 1 : 1024. The optimal dilution of frog 
muscle extract for sensitising the particles wa.s a 1 : 40 to 1 : 00 dilution of a 
20 per cent, extract. 

(c) A rabbit was injected intraperitonoally with 4 X 1 g. rat-lddnoy suspension 
and test-bled at intervals. Its sorutn agglutinated (’articles coated with rat- 
kidney extract to a maximum titro of 1 : 1980 and witli nutolj’sod rat-kidnoy 
extract to a maximum titro of 1 ; 300. Tlio optimal dilution of rat-kidnoy 
extract for son-sitLsing the particles was 1 : 80 of a 10 per cent, extract. 

Tlio technique of collodion particle agglutination performed with tissue 
extracts appeared to bo 5-10 times more sensitive than the complement fixation 
tcolmiquo, using 2 Sl.H.D. of comploraout. 
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Rrsui/rs 

Urinary examinations 

The urine of all the rats Avas examined on one or more occasions 
before injections 'U'erc commenced and every four days during a period 
of three weeks after a course of injections. During the remainder of 
the experiment, Avhich lasted four months, they were examined ucckly. 
The results are summarised in the table. Thej' show no significant 
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differences between anj’- of the groups and the normal rats. Even 
when casts were present they Avere usually very scanty (2-10 per 
24 hrs.) and neA’er exceeded 40 per 24 lirs. 

It was observed incidentally that protein excretion tended to 
increase Avith age, and that male rats excreted more protein (aAmrage 
6-0 mg./24 hrs. per rat ; range 4-2-9-9 mg.) than females (average 
2-5 mg./24 hrs. per rat ; range 1-6-5-5 mg.). 

Serological examinations 

The rats were bled from the heart at the beginning of the experi- 
ment, at 10-15 days and 24 days after the end of the first course of 
injections, and at 9-11 days and 30 days after the end of the second 
course of injections. Sera were stored at -\~2° C. Avithout preservative 
and were mostly tested Avithin a fortnight of bleeding. 

Tests were made on 22 sera taken from rats of groups A and B 
(kidney and streptococci), after the first course of injections and on 
24 sera taken after the second comrse. Thirteen sera from rats of 
group C (streptococci only) and 12 from group D (kidney only) were 
tested only after the second course of injections. Neither by the 
collodion particle agglutination technique, using fresh and autolysed 
kidney extracts at the concentrations foimd to be optimal in the 
model experiments referred to above, nor by the complement fixation 
technique, were any unequivocal anti-kidney antibodies detected. 
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Avtopst/ MutUcM 

The rnts -were Icillcd fi wccIck nfter the end of the second course 
of injections. Mncroscopicnlly all organs oilier than the kidneys were 
normal, except for enlarged me.senleric lymph gland.s in fiO i>er cent, 
of tho.se which received injections containing kidney tissue. The 
Iddncys also were normal exccjit in one rat of group C, in which they 
were enlarged and pale. With this cxcejilion the weight of kidney 
per 100 g. carcass of the experimental groups lay within the same 
limits ns those of 1/5 control rats. 

Histology 

Sections of kidney stained with hremnto.xylin and cosin were 
examined from nil the rats. None showed changes suggestive of 
glomcrulo-ncphritis, although .sections from the rat of group C 
mentioned above showed the picture of pycloncphriti.s. Patchy 
lymphocytic infiltration around interlobular vessels and in the adipose 
tissue of the calyces was found in 18 animals, but this finding vras 
not confined to any particular group and appeared equally in the 
controls. It is n condition found not uncommonly in laboratory rata 
and reference is made to it by .Tatfe (1931). 

Additional experiments v'ith autolyscd kidney 

It was shown by’ Lewis (1933, 1941) and by Schwentker and 
Rivers (1934) that alcoholic extracts of rabbit brain or nutolysc(l 
rabbit brain emulsion were effective ns antigens in rabbits, whereas 
fresh brain emulsion appeared not to bo so. Hecht, Sulzberger and 
Weil (1943), who claim to have produced antibodies to skin in rabbits 
by’ injection of liomologous skin su.spcn.sion and staphylococcal toxin, 
found that their sera fi.xcd complement uith nutoly’sed rather than 
^vith fresh rabbit skin. It seemed likely’ that, even if small amounts 
of antibody' were formed agninsst surface components of homologous 
tissue colls, they would be fixed by these cells so rapidly’ ns to escape 
detection in the plasma, whereas antibodies against internal con- 
stituents might remain in the circulation for longer periods. In view, 
therefore, of the negative findings obtained in the previous exiierimcnts 
it was decided to attempt to obtain antibodies against renal tissue by 
the use of autolysed kidney’ suspensions. 

Seven rats which had previously’ received 20-25 c.c. each of fresh 
Iddney-streptococcus mixture intrapcritoneally were therefore given 
two courses of 10 per cent, nutoly’sed Iddney’+l per cent, streptococcus 
“ Richards ” suspension, each course consisting of 5 intraperitoneal 
injections of 2 c.c. at 2-day intervals, with an interval of 3 weeks 
between the courses. The urine was examined weekly’ for a period 
of 9 weeks, and sera wore taken 14 day’s after the first course and 
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G and 21 days after the second. Urine and .sera were te.slcd as before, 
but neither urinary changes nor antibodies to fresh or aiitoly.scd kidney 
extract were detected. 

Discussiox 

In Tiow' of the unequivocal nature of Cavclti and Cavclti’s claims 
the results obtained were surprising. So far as pos.siblc their technique, 
as described, was rigidly adhered to, and although the number of rat.s 
used was much smaller than in their experiment.s, the doses of kidney- 
streptococcus mixture were chosen to be at least as large a,s those 
wliich produced 100 per cent, incidence of intense urinary changc.s in 
their animals. In these experiments, therefore, some rats at least 
should have shown corresponding changes. Some also should have 
yielded demonstrable anti-kidney antibodies, even if the technique 
of testing for them were less sensitive than in the CaveltLs’ 
hands. 

In seeking for an e.xplanation of the discrepancy various possibilities 
have been considered. It is well known {c.g. Kenton, 1941) that rats 
are in general poor producers of detectable antibodies and that the 
Arthus phenomenon can rarelj* be elicited in these animals except 
when passive immunisation is performed. The Evans strain of rats, 
largely used by the American workers, may possess unusual ability 
to produce antibodies. The development of nepliritis might be 
dependent upon the activation of some latent renal infection by- 
trauma to the kidney consequent upon the immunising injections, 
but in that case it would be difficult to account for the Caveltis’ 
negative results in control groups of rats which received either 
streptococci or kidney suspensions alone or streptococcus-rat heart 
mixtures. Again, the ability to become sensitised to auto-antigens 
may be associated with dietary factors in a similar way to the 
variations described by Sulzberger and Mayer (1931) in the readiness 
with which guinea-pigs can be sensitised to intracutaneous injections 
of neo-arsphenamine. It was clearly not possible to supply diets 
identical with those on which the Caveltis’ rats were fed, but perusal 
of the main constituents (private communication from Dr P. A. 
Cavelti) does not show any obvious differences in type of diet. 

The general principles underlying the production of auto-antibodies 
by means of injections of bacteria plus homologous tissues have such 
far-reaching implications that it seemed important to record failure 
to repeat clear-cut results under apparently well defined conditions. 
If the Caveltis’ work can be confirmed elsewhere an analysis of 
unnoticed differences in technique may give an answer to why some 
animals react while others do not — a question which is itself of 
considerable significance. For this reason the description of the 
methods used in these experiments is given more fully than might 
otherwise have seemed necessary. 
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SUMMAUV 

An ntlcmpt 1ms been made lo rej)cnt the observation of Cnvelti 
nnd Cavelti that intra peritoneal injection into rats of streptococci 
plus rat kidnoj’ suspensions is followed by the development of anti- 
bodies to rat kidney and of gloinerulO'nei)hritis in the rats. Using 
black nnd white hooded rats lhe.ee resulls have not been confirmed. 

This investigation was carried out by th<' rmtlior as a member of the 
tempomry staff of tho Medical llcscarch Council. Aclcnowlwlgmcnts aro due 
to Professor Wilson Smith for nd\’ieo and critieisin and to Dr .1, Ungar of 
Glaxo Laboratories for a gift of fij-nthetic mcelium. 
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BaiUNOLOGICAL STUDIES WITH GROUP-B 
STREPTOCOCCI 

I. H. Pattison 

A-^ricidturol Hcscorch Council Field StolxoTii CoTtiploTif ScrJcshifC 

The low vinilenco of many strains of StTcplococcus ogdlccticn for 
laboratory animals appears to have proved an obstacle to immuno- 
logical studies with tlus organism, and attempts to protect cows 
against Sir. agalaclicc infection of the udder by means of vaccines 
have so far been unsuccessful. 

Griffith (1935), however, in his study of the human Aronson streptococcus 
demonstrate that mice could be immunised successfully against the Aronson 
N strain by gradually increasing intraperitoneal doses of a young, heat-killed, 
glucose-broth culture of the homologous strain, and that immunity was still 
demonstrable 15 days after the last immunising dose. He was unable to 
produce similar immuni ty by subcutaneous vaccination and failed to demonstrate 
immunity to the human Aronson S strain in mice immtmised against the 
Aronson N strain. He mentioned that his demonstration of the possibility 
of actively immunising mice against the Aronson N strain confirmed earlier work 
by Yoshioka (1922-23) and Killian (1924a and b). In addition to demonstrating 
active immunity in mice to the Aronson 2s strain, Grifiitb reported that an 
efficient protective serum against this strain could be prepared in the rabbit ; 
an intraperitoneal dose of 0-14 ml. of this serum protected mice against as much 
as 0-05 ml. of virulent culture with an M.L.D. of 10”’ ml. 

In her work on the serological classification of haimolytic streptococci, 
Lancefield (1933) examined both the Aronson S strain (O 89 in her series) and 
the Aronson N strain (O 90 in her series) and found that O 89 belonged to her 
group A and O 90 to her group B. In a later publication (Lancefield, 1934) 
she reported that two of her group-B strains, O 90 of human origin and K 168 A 
from a laboratory rabbit, were sufficiently virulent for use in mouse-protection 
tests. With antiserum prepared in rabbits, she demonstrated that mice could 
he protected against lO-lOO M.L.D. of cultures of the homologous type, but 
not against a lethal dose of cultures of heterologous types. 

On the other hand, Francis (1947) failed to immunise mice against a group-B 
streptococcus of bovine origin. The mice were inoculated subcutaneously with 
living avirulent organisms or with heat-killed cultures, and immunity was 
tested by intraperitoneal inoculation with a mouse-passaged homologous strain. 
Because this procedure showed no evidence that the mice had been protected 
Francis concluded that S(r. agalacliac was incapable of stimulating immunity. 

Stahleforth (1946) reviewed the literature on the serological classification 
of Btreptocoeci within Lancefield’s group B, and pointed out that serological 
differences may be associated with differences in the capacity to confer cross 
protection after immrmisation, 
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The propcnt paper presents evidence that mice and guinea-pigs 
can bo actively immunised with living or formolised ciillure.s ngaiast 
group-B streptococci of human and bovijie origin, and records the 
results of experiments designed to examine the immunological 
relationshi])s between serologically flin’erent grouj)-B streptococci. 
The object of the work is to elucidate some of the problems involved 
in field vaccination of cattle against mastitis due to AVr. agaheim. 

MATr.uiAi,s ANP Mimions 

Slraim. Niue stniins of sorologiciilly identified pronp-H .‘.treptococci were 
u^icd, 7 bovine nnd 2 Iniinnn. All sliowisl /?-Iiieinolysis on bIoo<l nj^nr, and were 
Fodinm hipjnirnto j)nsitivo nnd ne^culin Jiegntivo ; nil fonnonted ulncose, lncto»o, 
sucro‘-o nnd snlioin, but not ninnnitol, inniin, rnffinoso or sorbitol ; nil except 
bovine strain S On formented trohnlo-'e; nil pro<luced neid nml clot in littnu; 
milk, nnd their final pll in f^Ineoso broth rntiKO<I between -l-O nnd Tlic 
elo«o biochemienl Fimilnrity between stmins of bovine nnd hiimiin origin 
been previously noted by soverni workers, c.g. I’oinnies-Lebrijn ,f.' al. (1947). 
The origin, yenr of isolation, fiorologienl type nnd fmthogenieity for mice of the 
vnrioiis strains nrc gix'en in table f. None of the stniins inoculated as described 
killed nil the mice in every c.xpcriinent. 


TAJii.t: I 

Origin, yrar of isoiotion, fcrologicnl type, and pathogenicity for mice of 
Kcvcn bovine and two human strain.? of group-Ii ftreptocoeci 
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Media. Six media were used : — (i) Hartley’s broth prepared ns described 
by Mnckie nnd IttcCnrtnoy (19-12, p. 101), except that the final pH was adjusfctl 
to 7*4 instead of 7-0. (ii) Wnlbum’s broth prepared n.s dc.scribod by Mackio 
nnd itlcCnrtnoy (1942, p. ,S30). (iii) Todd nnd Hewitt’s broth, batch 1 : b'® 
medium described by Todd nnd Hewitt (1932), but sterilised by steaming at 
100° C. on three successive days imstend of by filtration, (iv) Todd and Hewitt’s 
broth, batch 3 ; the medium described by these authors, (v) Todd nnd Hewitt’s 
brotli, batch 1, plus 20 per cent, sheep serum. This is referred to ns soruni 
broth, (vi) Glucose broth prepared ns for Hartley’s broth plus 0-5 per cent, 
glucose nnd the final pH adjusted to 7-2. 

Wiito Swiss mice from n closed population, each weighing 13-22 g., 
guinea-pigs from a closed population, each xvoighing 200-600 g., wore used; 
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in nm- one ospcriniont test nnd control tvwmnls ^vc^e of the mrno fox nnd of 
compoTOblo -^voight. A stnndnrd inoculum of 0-r. ml., mcMured b> a 1 
e-O m\. s\Tingo, •vrna U9cc\ in nil experiments wth living cultures. 

“ Tlie numLr of viable organisms in a cultnrc xvas detemmed by 
plate count on blood agar. Dilutions in noima .cn . no 7,'?’ ' 
10-^, and 10-S 'ivitb dropping pipettes standardised to dclncr 0 ml, drops. 
Tliree separate series of dilutions tvero nhra>-s made, so that tbo resisting count 
rras tbo mean of tbreo counts, each made from a dilution independent of tho 
other tvro. All cultures were cxaminctl microscopically for purity before 

^ All mice that died tvero examined bactcriologically, or, if tho number rros 
so great as to make this impracticable, a random sample of tho dead mico rra-s 

of the tables tho time is not given at rvhich animals voro recorded 
as surrnving tho test dose. This time rvns 5 da%-s, since experience showed 
that deaths at a later date rvero exceptional among mice that -wore healthy 
6 davs after intraperitoneal inoculation. Tlio great majority died vrithin. 


36 hours of inoculation. . . , , , r xt 

To simplify the tabl<» and for the sake of brevity statistical analj-sis of tho 
results of all experiments has been omitted. It should bo understood, borvci or, 
that any inference drarvn from tho figures given is based on statistical tests. 


EXPESTMEVTAI. OBSEBVxVnOXS 

Increase of S7irvival time io bovine strain )S 13 

In an experiment to determine the virulence of bovine strain S 13 
gro-wn overnight in Hartley’s broth, it tvas noted that all of 29 mice 
inoculated intravenously with the standard dose of 0-5 ml. died 
•within ten days, hut that ■when the same dose -was given intraperi- 
toneally to 69 mice there were 18 survivors. 

It was decided, therefore, to test survivors from the intraperitoneal 
inoculation for resistance to the lethal intravenous dose. In the frret 
test, 10 mice which had survived 58-62 days after intraperitoneal 

Table EC 


Sesults of intravenous inoculation with bovine strain S of : {A) mice previously 
inoculated intraperitoneally with living cultures of the same strain; {B) 
untreated mice 


1 

Group. O'o. of days between 1st and 2nd 
inocislatlon) 

Xo. 

of 

mice 

fsQ. of deaths at days nos. 

Survivors 

1 

6-10 

11-15 

Over 15 
(day of 
death) 

Xo. 

VTtll at 
day no. 

H 

A. Previously inoculated (58-62 days) 

10 

1 

0 

3 

1(48) 

0 

^■1 


B. Untreated ..... 

10 

10 

0 

0 

0 

0 



A. Previously inoculated (32 days) 

7 

0 

4 

0 

1(27) 

2 



B. Untreated ..... 

9 

8 

1 

0 

0 

• 0 

... 


inoculation were used and 10 mice not previously inoculated served as 
controls. The result (table H) suggested a longer survival time in 
mice that had received the intraperitoneal inoculation. To confirm 
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this a further pcveri mice which were hcnltliy 32 dnj's after intra- 
peritonenl inoculation were te.sted with the letlui! intravenou.« dose. 
Tlie result of this test (table IJ) again sliowcd that previously inoculated 
mice survived longer than control mice not j)reviously inociilnted. 


Acquiral hninuttitij to humnn -lira in S 15 

These findings showerl that intraperitoneal inoculation of bovine 
strain S 13 produced some degree of resistance to the same strain 
inoculated intravenously. It was decided, therefore, to test whether 
resistance coidd bo .so stimulated by another strain, and whether it 
could bo built up still further by gradually inerea.sing intraperitoneal 
do.se.s. 

For thus jiurpose human strain S* 15 grown overnight in senini 
broth was u.sed, four intnipcritoiH'nl inoculation.s at d-day intcivah 
being given as the immunising course to a group of 20 mice. Tlic four 
inoculations consisted of 0-01, 0*05, O-I, and 0*2 parts of the standard 
inoculum of 0-5 ml. made up to 0-5 ml. with noniinl .saline. The 
use of scrum broth produced nnnphylaxis in some of the mice, and 
of the 20 inoculated 8 died of .shock during the course of injection.'. 

Human strain S 15 grown overnight in serum broth was u.'cd ns 
the tc.st do.se, and 0*5 ml. was inoculated intraperitoncally four 
after the last immunisifig inoculation. The it'sult is given in table Ilb 

'J’ahu: III 


Bcsulls of intraperitoneal inoculation tcitli human nlrain S 15 of : {A) 
previously inoculated with living cultitrc oj the eatne strain ; {B) unlrco'^ 
vnee 





Prrtth in 


i:xpt. 

no. 

Group. (Xo.of <lavn Potufon l.a<^tlmmunlsln(; 
Inocuhtlon niid do-*') 

Xo. of 
micu 

tinn 4 
ljoun» 

(nn.'iTihyl.nctlc 

Miock) 

i*r» 

tl.iys 

Sur%Kors 

1 

A. Provioiislv inoculntcd (4 (inys) . 

12 

0 

O 

.10 


B. Untreated .... 

20 

0 

10 

4 

o 

A. Provioii-sly inoculated (4 days) . 

20 

G 

4 

10 


B. Untreated .... 

20 

0 

20 

0 


When the experiment was repeated, only one of the 30 immunised 
mice died of anaphylactic shock before the test dose was given. The 
test dose was again 0'6 ml. of human strain S 15 in serum broth, 
inoculated intraperitoncally. In this o.xperimcnt (table III) 0 of the 
previously inoculated mice died of anaphylactic shock within four 
hours of the test inoculation. 

These experiments showed that immunised mice acquired consider- 
able resistance to the test dose. 
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Durailon of imntmiUj to bovine strain S 13 and persistence of 
living organisms in immunised mice 

An experiment was next arranged to determine the duration of 
immunity after a series of inoculations of living bovine strain S 13 
and how long li\’ing streptococci persisted in immunised mice. A 
group of 172 mice was inoculated intrapcritoncally at 4-day intervals, 
as before, with bovine strain S 13 groum overnight in Todd and 
Hewitt’s broth, batch 1. Groups of 12 of these mice were then tested 
for immunity on days 2, 6, 10, 14, 18, 24, 30, 3C, 42, 48 and 54 after 
the last immunising inocxdation. The remaining 40 of the 172 
immunised mice were not given the test dose but were killed for 
bacteriological examination of the heart blood, liver, spleen and 
kidney on days 1, 2, 3, 4, 5, 6, 10, 14, 18, 24, 30, 36, 42, 48 and 54 
after the last immunising inoculation. Cultures on blood agar were 
examined after 24 and 48 hours’ aerobic incubation at 37° C. 

The results of this e.xperiment (tables W and V) showed that in 
every test there were deaths among the immunised mice and survivors 

Tabue W 


Diiralion of immunity in mice inoculated intrapcritoncally at i-day intervals 
with living cultures of bovine strain S 13. {Test dose Q-o ml. intrapcritoncally 
of homologous strain) 


Expt. 

no. 

Test 

no. 

Daj-s oOcr last 
immanising 
Inoculation 

Xo. of mice In each group 

Xo. of survivors In each group 

Immunised 

Control 

Immunted 

Control 

1 

1 

2 

12 

12 

11 

mm 


2 

6 

12 

12 

10 



3 

10 

12 

12 

7 



4 

14 

12 

12 

4 



5 

18 

12 

12 

10 

1 


6 

24 

12 

12 

9 

4 


7 


12 

12 

9 

2 


8 

36 

12 

12 

9 

4 


9 

42 

12 

12 


2 


10 

48 

12 

12 

5 

3 


11 

54 

12 

12 

10 

5 

2 

1 

4 

12 

12 

9 



2 

29 

12 

12 

7 



3 

59 

12 

12 

3 



4 

64 

56 

56 

16 



among the controls, but the number of survivors in the immunised 
group was invariably higher than in the corresponding xmtreated group. 
Taking the groups as a whole, immunity was as good at the end of 
the 54-day period as at the begin n ing. The low survival rates in the 
immunised mice of tests 4 and 10 could arise from chance alone. 
Tto part of the experiment was repeated, the groups being tested at 
wider intervals (table IV). This second experiment had been planned 
to last some 6 months, and enough mice had been inoculated to allow 
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groups of 12 to bo tested nt intervals of about a montli. After tlie 
tliird test, liowover, an outbreak of ectromelia among mice in tho 
same room as tlie immunised am'mals made it imperative that they 
should be tested and discarded as soon as possible. For this reason 
the fourth test followed only 5 days after the third, and 50 mice 
were tested. The low survival rate (1C of 50) confirmed an impression 
formed after tho tlnrd test of tlie second c.vperimcnt, in which only 
3 of 12 immunised mice survived, that immunity was being lost in 
the group as a whole. However, even this figure was in lino with 
that of the other tests in that survival among tho immunised mice 
was significantlj* higher than among the non-immunised controls. 
Table V shows that streptococci were isolated sporadically up to 
but not beyond tho tcntli daj'- after tho final immunising inoculation. 

Tablu V 

Bcsttlls of bacteriological examination of heart blood, liver, ftplecn, and kidney 
of 40 mice inocidatcd intrapcritoneally at A-day intervals with immunising 
doses of living cultures of bovine strain SIS 


naj-s nRcr last 
ImmunIsinK 
Inoculation 

Xo. of mice 
cxainincil 

I 

1 

fmm | 

1 

2 

Kidney of ono inotiso ! 

o 

3 

Ko orgnn 

3 

O 

Heart and spleen of ono mouso 

4 

2 

No organ 

G 

o 

>» 

C 

3 

»♦ 

10 

3 

Heart of ono mouse (only heart 
and Iddnoy cultured) 

14 

3 

No organ 

18 

3 

»* 

24 

3 

»r 

30 

3 

ft 

30 

3 


42 

3 

>> 

48 

3 

tr 

54 

o 

f 


During this experiment, post-mortem examination of immunised 
mice killed for bacteriological examination ■ndthout being given tho 
test dose, showed in many of them an apparent enlargement of tho 
spleen. To estimate the extent of this enlargement, tho spleen weight 
as a percentage of body weight was determined for 12 immunised 
and 12 untreated mice. Tho results (table VI) show that tho groups 
overlapped sbghtly, but on tho average tho index in immunised mice 
was about 2i times that in untreated mice. 

Immunisation tvitJi bovine strain 13 groioti in 
Walbum’s medium 

For tliis e.xperiment bovine strain S 13 was grown overnight in 
Walbum’s broth. After tliis period, gi'owth in tliis medium was 
dense, but from previous experience it was loiou-n that 0-5 ml. of 
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tliis culture given intraperitoncally would bo sub-letlial to the majority 
of the mice. Twenty-two mice were therefore inoculated intraperi- 


Tabij: n 

SpUen vdghi as percentage of body weight of : (A) mice previously inoculntrd 

at 4-day intervals with immunising doses of living cultures of bovine strain 
S 13 ,• (7?) untreated mice 


A. I’rtvIouMy inociilitnl (1-) j 

B. Vnlvsti'd mice (12) 

Spleen ! 

(c.) 

Body wi-lslit 
(St.) 

Spleen \rright 
jy^rrrntiK'* of 
IiOfly wcisht 

Snprn trelsht 
(R) 

Body wpljlit 
(f.) 

SpV''n wcisht fts 
p^rfrnta;:*' of 
ItwIj' vci^ht 


lfl-3 

1-00 


17'5 

0-23 

i 

18-0 

1-00 


190 

0-16 


12-0 

0-77 


18-0 

0-44 


16-8 

MO 

0 03 

17-0 

0-17 


13-9 

0-75 

0-10 

17-0 

0-39 

1 

13-8 

0-58 

0-16 

21 0 

0-76 

1 

18-5 

1-30 

O-OS 

18-5 

0-43 


n-8 

1-00 

0-05 

100 

0-31 

1 

lOo 

2-10 

0-08 

17-5 

0-46 


20-5 

0-8j 

0-13 

17-5 

0-74 


23-5 

MO 

003 

lC-0 

0-31 


16-0 

0-88 

0-02 

150 

0-13 

Range 0-58-2'10 per cent. 

Average 1-03 per cent. 

Range 0-13-0-7G -per cent. 

Average 0‘39 per cent. 


toneally four times at 4-day intervals with this dose, and were tested 
for evidence of immunity 5 days after the last immunising inoculation 
with a test dose of 0-5 ml. intraperitoneally of the same strain grown 
overnight in Todd and Hewitt’s broth, batch 1. All the 22 immunised 
mice (table Vil) survived the test dose, but 17 of 22 untreated mice 


Table tTOL 

Besults of intraperitoneal inoculation with 0-5 ml. of bovine strain S 13 grown 
overnight in Todd and HewilCs broth, batch l,of ; (A) micepreviemsly inoculated 
4 limes at 4-day intervals with a sub-lethal dose of the same strain (0-5 ml. 
of overnight culture in Walbum's broth) ; (B) untreated mice 


Group. pTo. of days aUer last tmmnnbtng laocnlatlon) 

Xo. of mice 

Survivors 

A. Previously inoculated (5 days) .... 

22 

22 

B. XlntTeated 

22 

5 

A. Re-test of previously inoculated survivors (75 days) 

B. Bntteated . . . . . ... 

22 

22 

9 

0 


succumbed. Seventy-five days after this test, the 22 immunised 
survivors were again exposed to a test dose of bovine strain S 13. 
As shown in table VII, some of the mice had lost their inummitv but 
others retained it. 

p2 


J. Vila. BiCT.— 701. ICS 
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Immunisation with mixed cuUurcs of bovine strain S 13, 
human strain S 15 and human strain jS' 21 

It is gencrnlly ngi’eed tlmt iinmunit}' to Str. agalactia: infection 
in cattle has not so far been produced by vaccination, but the 
possibilities of achieving successful vaccination have not yet been 
exhausted. Purther, if immunity is related to .‘-erological t\ 7 )e, 
a vaccine against bovine mastitis should contain several different 
strains of streptococci. To determine if mice could be imiminised 
at the .same time against more than one .strain of group-U .streptococci, 
.3 .strains were used : bovine .strain S 1.3, human strain S 15 and 
human strain S 21. 

For each immunising inoculation, the three .strains were grown 
separatcl}' and the pooled inoculum was prepared immediately before 
inoculation. A group of 75 mice was immunised, the animals being 
inoculated intrapcritoneally at 4-dny intervals ns follow.s. Day no. 1, 
0-5 ml. of pooled inoculum prepared from an overnight growth in 
glucose broth of each strain diluted 1 ; 5 with normal .saline before 
pooling ; day no. 5, the .same diluted 1 ; 2 ; day no. 9, the same 
undiluted; daj’ no. 13, 1-0 ml. of pooled inoculum prepared ns for 
day no. 9 ; daj* no. 17, 0-5 ml, of pooled inoculum prepared from an 
overnight undiluted growth of each strain in Todd and Hewitt’s 
broth, batch 3. 

Si.x days after the final immunising inoculation the mice were 
divided into three groups and inoculated inlrapcritoncalh' Avith a 
tost dose of 0-5 ml. of a (3-hour glucose broth culture of either bovine 
strain S 13, human strain S 15, or human strain S 21. The results 
(table VIII) showed that a considerable degree of immunity had been 
developed against all three strains. 

TAimn '\^1I 

Bcsulls of inoculation of: (A) mice imminuscd u'ith vn;rc(l inocula of bovine 
strain S 13, human strain S 15, and human strain S 21 ; (13) untreated 
mice, with a test dose (O-C ml. of a O-hour glucosc-hroth culture) of one or 
other of the 3 homologous strains 


Group. (Xo. of tlftys nOer Inst InimunUlnp 
inoctUntloii) 

Tc«5t Ftmln 

Xo of mice 

Xo. of 
f iir% Ivors 

A. Previously inoculated (0 dnvs) . 

Bovine S 13 

25 

25 

B. Untreated ..... 


25 

11 

A. Previously inoculated (0 days) 

Human S 15 

25 

23 

B. Untreated ..... 

»• 

25 

3 

A. Previously inoculated (0 days) . 

Human S 21 

25 

24 

B. Untreated ..... 


25 

5 

A. Eo-test of previously inoculated liuraan 
S 16 surv’ivors (41 days) 

Hummi S 15 

20 

1 

B. Untreated ..... 

ft 

20 

1 
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Forty-one days after this test. 20 of liie 23 survivors from Uic 
group tested ngauist human strain S 15 wore still healthy, 3 having 
died of interenrrent disease. These 20 were again tested against 
human strain S 15 but immunity could no longer be demonstrated 

(table Vni). 

Immmmalion vM Jomoliscd cultures of bovine, strain S 13 

So far immunisation had been accomplished by intraperitoncal 
inoculation of gradually increasing rloscs of living organisms. In 
view of the inconvenience of handling living cultures and the difiicultj 
of standardising inocula, I decided to try killed cultures. 

After 6 hours in glucose broth, bovine strain S 13 showed dense 
growth with 300 million viable organisms per ml. Formalin was 
then added to give a final concentration of 0-.3 per cent. Tlie flask 
of culture was incubated for one hour more and then placed in the cold 
store ; examination next day showed that the orgam'sms had been kClcd. 

In the first experiment 12 mice were inoculated intraperitoneallj^ 
with 0-5 ml. of tliis formolised whole culture on three consecutive 
days, and after an interval of four daj’S, on two more consecutive 
days. Eight days after the last immunising dose they were inoculated 
intraperitoneall 3 ' udth a test dose of O-o ml. of the same strain grown 
overnight in Todd and Heudtt’s broth, batch 3. 

In the second experiment the same formolised culture of bovine 
strain S 13 was used as vaccine after cold storage for 17 days. Fifteen 
mice were immunised bj' intraperitoncal inoculation with O-o ml. of 
the vaccine, and therea^r on four more occasions at 2'day intervals 
with 1-0 ml. Five days after the last immunising dose thej" were 
exposed to a test dose of 0-5 ml. of bovine strain S 13 grown overnight 
in. Todd and Hewitt’s broth, batch 3. 

Eesults of these two experiments (table IX) indicate that immunity 
against the homologous strain was as good after immunisation with 

Table IX 

Eesults of intraperitoneal inoculation of 0-5 ml. of bovine strain S 13 groim 
overnight in Todd and Hewitt’s broth, batch 3, of : {A) mice previously 
immunised with formolised whole culture of the same strain ; (B) untreated 
mice 


Expt. no. 

Group. (Ko. of days after last Immunising 
SnocnlatJOTi) 

Xo. of mice 

Survivors 


A. Previously inoculated (8 days) . 

12 

■ 

n 


B. Untreated ..... 

12 

3 

2 

A. Previously inoculated (5 days) . 

15 

14: 

. 

B. Untreated ..... 

15 

0 


formo^ed whole culture as with gradually increasing doses of living 
organisms, and that the formolised whole cultme retained its antigenic 
properties for at least 17 days in cold storage. 
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To determine Iioav few immunising inoculations would confer some 
protection, a fresh formolised vaccine was prepared from an overnight 
culture in Todd and Heivitt’s broth, batch 3, with 250 million viable 
organisms per ml. Groups of mice were inoculated inlraperitoneally 
vitli this vaccine as follows: (i) 1 inoculation of 1-0 ml., (ii) 2 in- 
oculations of 1-0 ml. with a 2 -da 3 '- interval between inoculations, 
(iii) 3 inoculations of 1‘0 ml. at 2-day intervals, (iv) 4 inooilations 
of 1 -0 ml. at 2-daj' intervals, (v) 5 inoculations at 2-day intervals. 

Eight days after the last inoculation the mice were exxmsed to a 
test dose of 0-5 ml. intraperitoncallj' of bovine strain S 13 groum 
overnight in Todd and Hovatt’s broth, batch 3. None of the mice 
that had received onh'^ one immunising inoculation survived the test 
dose, but there was evidence of protection in all other groups (table X). 

Taiji,k X 

Ecsults of intrapcriloncal inoculation vnth 0-6 ml. of bovine ctrain iS 13 in Todd 
and Hewitt's broth, batch 3, of: (A) mice previously inoculated intra- 
pcritoncally with one or more doses of formolised whole culture of the same 
strain ; (B) untreated mice 


Group. (Xo. of days aUcr la^t preparatory 
Inoculation) 

Xo. of 
ItnmuiiI'Ine 
Inoculation* 

Xo. of mice 

Xo. ofMirylvors 

A. Previously inooulntod (8 days) . 

1 

7 

■■■■ 

B. Untreated ..... 


n 

0 

A. Proa-iously inoculated (8 daj-a) . 

f) 

11 

7 

B. Untreated ..... 


11 

0 

A. Previously inoculated (8 daj-s) . 

3 

IS 

11 

B. Untreated ..... 


IS 

1 

A. Previously inoculated (8 davs) . 

4 

14 

9 

B. Untreated ..... 


14 

o 

A. Previously inoculated (8 days) . 

r> 

14 

12 

B. Untreated ..... 


14 

O 


Statistical examination showed that 2 immunising inoculations gave 
as good protection as 6. None of the immunisation regimes protected 
all mice. 

The number of mice in the various groups of this experiment 
ranged from 7 to 15, because an outbreak of ectromelia killed mice 
in all groups except no. iii. The untreated mice, however, had also 
been exposed to ectromelia infection and wore accordingly regarded 
as adequate controls. 

Immunisation of guinea-pigs against bovine strain S 13 

To determine if guinea-pigs could also be immunised four 200-g. 
guinea-pigs were given 4 intraperitoneal inoculations at 2-day intervals 
of living cultures of bovine strain S 13 gro^m overnight in Todd and 
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Hewitt’s broth, batcli in do-^os of 0-5, O-n, 1 -0, niul 1 -r. ml. After 
an interval of 5 days S further intrnjioritoneal inocidations of the 
same strain grown in the satno medium were given at 2'day intervals 
in doses of 3-0. 4-0, and r)-0 ml. Two day.s after the last immunising 
inoculation, these four animals and two untreated animals wore 
exposed to an intraperitoneal test dose of 0*0 ml. of the homologous 
strain gromi overnight in Todd and Ifewitt's broth, hatch 3. One 
of the 4 treated guinea-pigs and both the untreated died within 24 
hours, and streptococci were isolated from the heart, liver and spleen 
of all 3 animals. Tlie three remaining imnumised guinea-pigs showed 
no evidence of disease and were discarded some 2 months later. 

This indicated that immunisation of guinea-pigs by methods 
similar to those used with mice might he possible, and the following 
experiment was carried out. Bovine strain S 13 grown for G hours 
in glucose broth provided million viable organisms per ml. and 
the culture was formolised (0’3 per cent.) ns before. 

Pourteen 500-g. g\iinca-pigs were then inoculated intraperitoncally 
with fonnolised culture at 4-day intervals with 2*0, 3-0 and 5*0 ml. 
Pour days after the last inoculation mth formolised culture they 
were inoculated intraperitoncally with 2-0 ml. of living culture of 
bovine strain S 13 gro\vn overnight in Todd and Hewitt’s broth, 
batch 3. Pour days after the last immimising dose they were inoculated, 
together with 15 untreated guinea-pigs of comparable weight, %vith a 
test dose of 3-0 ml. intraperitoneall}* of the homologous strain grotvn 
overnight in Todd and Hewitt’s broth, batch 3. Ten of the 15 untreated 
animals died, but all the immunised animals survived (table XI). 

TADim XI 

Results of intraperitoneal inoculation unth 3-0 ml. of bovine strain S 13 grown 
overnight in Todd and Hewitt's broth, batch 3, of : (A) guinea-pigs inoculated 
tntraperitoneally with a scries of doses of formolised and living cultures of 
bovine strain S 13 ; (J3) untreated guinea-pigs 


Group. (Xo. of days aUcr last immonlslng 

Xo. of 

Xo. of 

Inoculation) 

guinea-pigs 

survivors 

A. Previously inoculatod (4 days) 

14 

14 

B. Untreated .... 

15 

5 


Post-mortem examination of the dead guinea-pigs showed dark, 
gelatinous subcutaneous tissue, intense congestion of the mesenteric 
vessels and vessels of the abdominal wall, hsemorrhages over the 
colon, excess of dirty peritoneal fluid, and excess of pleural and 
pericardial fluid. Stained smears showed that the peritoneal and 
pleural fluids were swarming with streptococci, and streptococci were 
isolated firom heart-blood, liver, spleen and kidney. These post- 
mortem findings were similar to those noted in deaths from the 
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peritoneal form of Str. pncumoni(s XIX infection. Since the 
guinea-pig colony from -wliicli these animal.s came was Icnown to ho 
carrying this infection, tlie streptococci isolated from four of the animals 
lolled experimentally were examined and appeared to be biochemically 
identical Arith the streptococci inoculated — bovine .strain S 13. 


Passive immnniiy in mice, -using serum from immunised 
guinea-pigs 

It seemed probable that antibodies against bo\dne strain S 13 
would be present in the serum of the immunised guinea-pigs used in 
the preceding experiment and might be detectable by mouse-protection 
tests. Four da3'^s after oxj)Osure to the test dose, the guinea-pigs were 
bled b}^ cardiac puncture and their sera pooled. Xormal guinea-pig 
serum Avas obtained from tAvo health}', untreated adults. All sera 
were liept in the cold store without preservative. 

Lancofield (1934) stated tliat tA'jie-.spccific protection aacs effectiA'O 
with group-B streptococci AA-hcn infecting organism and specific immune 
senim were injected simultaneously, AA-hercas AA-itli group-A organisms 
it Avas necessary to inject tlio antiserum at least S hours before the 
infecting organism in order to demonstrate protection. My first 
attempt to demonstrate protectiA'c antibodies agauist boA'inc strain 
S 13 in the pooled sera of immunised guinea-pigs AA’as therefore mado 
by mixing an overniglit groAvth of this straui in Todd and Hewitt’s 
broth, batch 3, AA’ith an equal quantity of serum, incubating for 20 
minutes at 37° C. and inoculating mice intrapcritoncally AA'ith 1-0 ml. 
of the mixture (i.c. 0-5 ml. of culture and 0'5 ml. of scrum). Jlico 
inoculated AA'ith l-O ml. of a mixture of equal parts of culture and of 
serum from untreated guinea-pigs served ns controls. 

All mice in both groups died (table XII). Sufficient serum from 
both immunised and untreated guinea-pigs remained after this 

Tabij: XII 

Results of intrapcriloncal inoculation of mice until l-O ml. of bovine strain S 13 
grown overnight in Todd and Hewitt's broth, batch 3, mixed in equal parts 
-with pooled sera from (A) guinea-pigs immunised against the homologous 
organism ; {B) untreated guinea-pigs 


Group 

Xo. of mice 

Xo. or 8ur\ivors 

A. Test organism -f serum from immunised guinea-pigs 

10 

0 

B. Test organism -f serum from untreated guinea-pigs 

10 

0 


experiment to attempt passive protection of a small number of mice 
by intraperitoneal inoculation of serum first and of the test dose 
24 hours later. In tliis trial 1-0 ml. of serum Avas used — tAA'ice the 
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nnioinit used in the first attciu))l. The resvdts (iJihle XIII) suggosled 
some degree of protection. 

Taui-u XIII 

Jicxulls of iiitropcntoofol inoottlntiou iHfh 0*«» toL oj hovifio stront »S 13 fjtoictx 
for t) fionr.t in phiwr hrolh of tnirr inoculntrd ir.traprritftnrnlhj 2t hour/t 
brforc inf/i 1-0 rd. of pooUri nm from (A) ijuir.rn.ptijs firH immitnwd 
apaiiisr and Intrr rj-ponnl In n Usi ifntr of thr hnmolnyou'< or^'inimn ; 
(/i) unlrcntrd f!uinrn-p!i7.<i 


i 

r.xr!. • 

r.i. ! 

1 

1 Xo, nf 

^ 1 nn^r 

Onuv \ of 

1 {n tr«f 

Xo. of 

No of 
mr-vlvor^ 

> 1 

1 

A. Mice prcviou*=tv iuocalat^<l with P^rttm | 4 

C 

4 


from immuni'-CKl piin''.'i-{)i!ri j 



i 

R. Mico previously inoeuloteil with pentm \ 

4 


from tint rented guinea-pigs I 



*> 

** 

A. Mice prcvioij'^Iy inociilntcfl with Foriirn 1 1.3 

from immiini'otl guinc.n-pigs | 

1 15 

S 


B. Mice previoudy inoculntixl with Fcnim 
from untreated guinoa-piga 

i 

1 

0 


This result was confinned by bleeding the same guinea-pigs a 
second time, 13 days after exposure to the test dose of bo^^ne strain 
S 13. Their sera were again pooled. Scrunt for control mice was 
obtained by pooling sera from four untreated guinea-pigs. IMice were 
inoculated intraperitoneally witli l-O ml. of pooled scnira from the 
immunised guinea-pigs, and control mice with 1*0 ml. of pooled serum 
from untreated guinea-pigs. TwenW-four hours later both groups were 
exposed to an intraperitoneal tc.st dose of O-o ml. of bovine strain S 13 
groum for six hours in glucose broth (table XIII). Eight of 15 mice 
previously inoculated wth serum from the immunised guinea-pigs 
survived the test dose ; all of 10 control mice died. 


Examination of nine strains of group-B streptococci for 
evidence of cross immunity 

In all the experiments so far described, immunised animals were 
tested for evidence of immunity by exposure to a test dose of the 

homologous strain or strains, and tliree strains only were used 

bovine S 13, human S 15 and human S 21. Cross-immunity tests 
were therefore carried out with the same three strains and six additional 
bovine strains. 

lilr P . Stuart of the Slinistry of Agriculture and Fisheries’ Veterinary 
Laboratorj^ Weybridge, Idndly examined the strains serologically 
(table I) and classified bovine strain S 2 as serological type 3a, and 
all the other bovine strains as serological tj^e 1 1 subtype." He 
repo^d further that the six bovine strains designated type 1 1 subtype 
fell into the main type 1 described by Stableforth (1937), but that 
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none was identical with any of Stablefortli’s Britisli subtj'pes, altliough 
all were closelj^ related to snbtj'ijo lb, while the human strains S 15 
and S 21 were sorologicall}' distinct from all the bovine strains and 
from each otlier. 

The first cross-immunity experiment was carried out with boAune 
strain S 13 and the tAA-o human strains S 15 and S21. Forty-five 
mice were inoculated intraijeritoneall}' at 4-dny intervals with 0-01, 0-05, 
0-1, and 0-2 parts of the standard inoculum (0-5 ml.) of human .strain 
S 21 grown overnight in serum broth and made up to 0-5 ml. with 
normal sahne. Four days after the last immunising inoculation they 
were exposed in batches of 15, together m'th an equal number of 
untreated mice, to test doses of 0*5 ml. of bovine strain S 13, human 
strain S 15 and human strain S 21, each grown overnight in Todd 
and Hewitt’s broth, batch 1 . The results (table XIV) showed significant 

Tablu xr\' 


Remdts of intrapcritoncal inoculation with bouinc strain S 13, htiman strain S 15 
and human strain S 21 of ; (.4) mice previously irnmunised against human 
strain S 21 ; (15) untreated mice 


Expt. 

no. 

Group. (Xo, of days Lctweon last 
ImmutmlnR Inoculation and fc't dose) 

Test strain 

Xo. of mice 

Xo. orsun-lton 

■I 

A. Previously inoculated (4 doys) 

Bovine S 13 

15 

12 


B. Untrooted .... 

»* 

15 

0 

0 

A. Previously inoculated (4 days) 

Human S 15 

15 

5 


B. Untreated .... 

M 

IS 

5 

3 

A. Previously inoculated (4 daj-s) 

Human S 21 

15 

11 

■ 

B. Untreated .... 


IS 

o 


protection against the homologous strain (p = less than 0-001), but 
not against human strain S 15. Protection against bovine strain 
S 13 was only of low significance (p = 0-03) and further experiments 
failed to show any relationsliip between it and human S 21. 

In the second cross-immunitj’’ experiment 72 mice wore immunised 
against bovine strain S 13 (tjq)e 1 ? subtype), and were then exposed 
in groups of 12 to test doses of bovine strains S 4, S 13, S 90, S 1, 
S 3 and S 117 (all t 3 qDe 1 ? subtjqie). Each test dose was 0-5 ml. 
of an overnight grondh in Todd and Hon-itt’s broth, batch 3, given 
four days after the last immum'sing inoculation, AA'hich was accom- 
plished by intraperitoneal inoculation at 4-day intervals of: (i) 1-0 
ml. of formolised whole culture, prepared by adding 0-3 per cent, 
formalin to a O-hom- glucose-broth culture ; (ii) 1-0 ml. of the same 
formolised whole culture ; (iii) 0-5 ml. of an overnight grovdh in Todd 
and Hewitt’s broth, batch 3, diluted 1 : 2 with normal saline ; (iv) 0-5 
ml. of undiluted overnight grovdh in Todd and Hewitt’s broth, batch 3. 
The results of this experiment (table XV) sliOAved significant protection 
of immunised mice against all strains. 
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Six dnyp after this oxporimont, imiminiscd mice wliich lind survived 
the various tost doses were again tesicrl for (ividoiieo of ijmininity, 
this time against bovine strains S .T and S 13 (both type 1 1 snbtyjio), 
and against human strain S Ifi (of differonl serological type). Test, 

Taiii-t; XV 

HcstiJts of infrapcritoucal ittociilfifton of ; (.4) micr iniiaioii.'rdf n^axunt Itovxnc 
tirain S 13 (ti/pc 1 1 tfuh!i/pr) ; (Ji) uutrraUfi inkr, with 0-5 vtl. of an ovrnnght 
groirih in Texid and Ilnritl'f broth, hatc3i 3, of sir bovinr strains, nil of the 
same serological type as the inxtnunising strain 


Croup 


i 

. 1 
No. r.f | 

Tr«l •train | 

Nf). r»r»iir\ivoT^ 

A. lmmuni®c<l . 


i 

1 

! 

j2 

1 

) 

S 4 

11 

B. Vntreatod 

• 

1 

• 1 

1-2 

•’ 

3 

A. Immuni^M . 


1 

12 

S 13 

12 

B. Unfreatod 


. 1 
i 

12 

*» 

0 

A. Immuni'od . 


1 

12 

S DO 

12 

B. Untreated 



12 


0 

A, Irmnuni.'od . 



12 

S 1 

12 

B. Untreated 



12 

” 

0 

A. Immuni'od . 



12 

S 3 

12 

B. Untreated 



12 

»* 

1 

A. Immunised . 



12 

S 117 

12 

B. Untreated 

• 

• 

12 

»» 

1 


doses were in each case 0-5 ml. intraperitoneall}' of an overnight 
growth in Todd and Hewitt’s broth, batch 3. TJiero was still strong 
immunity to bovine strains of the same tj’pe, but no significant 
immunity to the human strain (table X^^). 

Tabue XAT 

Rtsults of intraperiloneal inoculation of : (A) mice immunised against bovine 
strain S 13 {type 1 ? subtype) that survived a test dose of the homologous 
organism ; (B) untreated mice, with 0-5 ml. of an overnight growth in Todd 
and HeivitCs broth, batch 3, of bovine strain S 3, bovine strain S 13, or human 
strain S 15 


Group 

ImmnnUcd against 

Previously survived 
test dose of 

Kow exposed to 

Xo. of 
mice 

TXo. of 
sur- 
vivors 

A. Imniuiiised . 

B. Untreated . 

A. Immunised . 

B. Untreated . 

A. Immunised . 

B. Untreated . 

A. Immunised . 

B. Untreated . 

Type 1 ? suBtype 

Type 1 ? subtype 

Type 1 ? subtype 

Type 1 ? subtype 

Type 1 ? subtjrpe 

Type 1 ? subtype 

Type I ? subtype 

Type 1 ? subtype 

T 3 ^e 1 ? subtype 

tr 

Human S 15 

Type 1 ? subtype 

Human S 15 

tt 

18 

18 

17 

17 

18 

18 

18 

18 

17 

3 

4 

0 

17 

1 

3 

2 
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These cross-protection tests indicated that : (i) liuman strain S 21 
had no demonstrable immunological relationship v-ith human strain 
S 16 ; (ii) six bovine strains of the same serological typo were able to 
confer protection agauist each other ; (hi) there was no demonstrable 
cross protection between human strain S 15 and the six bovine strains 
of serological tj^je 1 ? subtj-jje. 

To verify that the six bovine strains of the same serological tj’po 
conferred protection against each other, mice were immunised against 
boTOie strain S 3 with two 1 -0 ml. intrapcritoneal inoculations of 
formolised whole eulture and two inoculations of living culture at 
4-day intervals, and Avere then exposed five days after the last 
immunising inoculation to 0*5 ml. intraperitonoal test doses of the 
same six boAune strains. The results (table XVII) confirmed the 
previous finding. 

TABi.n XVU 

BesuUs of intrapcritoneal inoculation of: {A) mice immunised against bovine 
strain S 3 {igpc 1 ? subtype) ; (B) untreated mice, with 0-5 ml. of an overnight 
growth in Todd and Hewitt's broth, batch 3, of six bovine strains of the same 
serological type 


Group 

Xo. of mice 

Toil strain 

Scrolode.'rl type of 
le't ftrain 

Xo. or 
Burs'lvort 

A. Iramimisod 

12 

S4 

Tjt>o 1 ? 8ubtj-po 


B. Untreated 

12 

tt 

tt 


A. Immunised 

12 

S 13 



B. Untreated 

12 

tt 

tt 


A. Immunised 

12 

S 90 



B. Untreated 

12 

tt 

ft 

■eh 

A. Immuni.sod 

12 

S 1 



B. Untreated 

12 

tt 

tt 

0 

A. Immunised 

12 

S3 


10 

B. Untreated 

12 

tt 

tt 

1 

A. Immunised 

12 

S 117 


11 

B. Untreated 

12 

tt 


o 


Six days after exposure to the test cultures in this experiment, 
the simviving mice were exposed to test doses of 0'5 ml. of OA’^ernight 
cultures in Todd and HeAAdtt’s broth, batch 3, of human strains S 15 
and S 21. The results (table XVIII) confirmed the prcAnous observa- 
tion that there Avas no cross protection between human stram S 15 
and bovine strains of type 1 ? subtype, and showed a lack of cross 
protection betAveen human strain S 21 and bovine strains of type 1 
? subtype. 

Compared Avith the other strains, boAune strain S 2, serological 
type 3a, was of low virulence for mice when inoculated in the manner 
and dose described (table I). For this reason it could not be used as 
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a tcM strain. However, a group of mice was immunised against lliis 
strain by four infra peritoneal inoculations at -f-dny intervals of (i) 

Ta!U.K XV] II 

Bcsiilt.i of intmpmiomnl hu>fuUlinn of: t-’t^ WK'' immuniKfd (.ofin<- 

fJmii) S 3 [Uipf 1 t sa!)?.'/;'?) whirh had mtrvivfd a t<-M do”'- 0 da'j-! prndoujfhf 
of a bofliit' strain of the fame ftroloijknl tppe ; {Ji) fiolrralrd imee, with 
O’.'i tid. of hufitaii stmiii >S' 1.5 or hiivinn flmiu A’ 21, gromi oveon^ght in 
Todd Olid Jlciritt's hrot}i, batch 3 


OrfiJn 


1 

1 

> 

Trtt, train j 

X o. ( r talre ' 

Nf'. vX Mjnivon 

A. Immunieivi . 


1 

•t 

Ilitnmn S I'l 

ir, 

1 

B. Untreated 

■ 

. 1 

1 

• * 

It) 

0 

A. Immunicwi . 



Human S 21 

10 

1 

B. Untreated 

• 

• 

• * 

IG 

0 

A. ImmunicoA . 

. 

• 

Human SIS 

13 

1 

B. Untreated 

• 


«• 

13 

0 

A. Immunired , 

. 


Human S 21 

17 

.3 

B. Untreated 

• 

• 

t* 

17 

0 


1*0 ml. of formolised C-hour gluco.se broth culture ; (ii) 0-5 ml. of an 
overnight glucose-broth culture ; (Hi) 0-5 ml. of a C-hour glucose 
broth culture ; and (iv) 0-5 ml. of an overnight growth in Todd and 
Hewitt’s broth, batch 3. Four days after the last immunising 
inoculation the mice were e.xposcd to test doses of bovine strains 
S 13 and S 3, both tj^pe 1 1 subtj-pe, and to human strains S 15 and 
S21. 

The results (table XIX) showed that immunisation had conferred 
protection against aU four test strains. Tliis observation was confirmed 
by a second experiment (table XIX), so that it maj’^ be concluded 
that the borine type 3a strain, S 2, was antigenic in spite of its low 
pathogenicity and immunologically distinct from the other six bovine 
strains, since mice were protected by it against test doses of both 
human strains. Further, this bovine type-3a strain was immuno- 
logicall3^ distinct from both human strains, since mice were protected 
by it against the other bovine strains. 

Disctrssioir suatnARY 

Throughout these experiments the number and volume of intra- 
peritoneal inoculations and the intervals between them were 
intentionally varied in order to examine the range in size of inoculum 
and frequency of inoculation required to produce detectable immunity 
in mice against group-B streptococci. The results indicated that 
detectable immunity was easilj’’ produced and that the volume of 
inoculum, number of inoculations and interval between inoculations 
might he varied within wide limits. Consistent results followed the 
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use of 4 intraperitoneal inoculations at 4-dny intervals as follows : 
(i) and (ii) 1-0 ml. of formoliscd whole culture ; (iii) 0-5 ml. of ovcr- 

Taiuj: XIX 

Besiilts of intraperitoneal inoculation of: {A) mice immunised against bovine 
strain S 2 (type 3a) ; (Z?) untreated mice, tvith 0-5 ml. of an overnight growth 
tn Todd and Hcivitt's broth, batch 3, of bovine strain S 3 {type 1 7 subtype) ; 
bovine strain S 13 (type 1 7 subtype) ; human strain S 15 ; or human strain 
5 21 


rxpt. 

no. 

Group. (D.iya nflcr 
itnmunlslnc* inoculation) 

Xo. of 
infeo 

Tfilrd apJln«t 

Xo. of 
Mir\Ivor«( 

1 

A. Immunised (4 daj's) . 

11 

Bovine S 3 (tjTX) 1 7 subtype) 

0 


B. Untreated 

11 

»# »» »» 

1 


A. Immunised (4 dajn) . 

11 

Bovine S 13 (typo 1 7 subtJTW) 

0 


B. Untreated 

11 

t» ♦» tf 

o 


A. Immimisod (4 days) . 

11 

Unman S IS 

8 


B. Untreated 

11 

t* 

1 


A. Immunised (4 days) . 

11 

Human S 21 

0 


B. Untreated 

11 

»» 

0 

o 

A. Immunised (4 daj-s) . 

12 

Bovine S 3 (tjTW 1 7 mjbtj-po) 

12 


B. Untreated 

12 

»» M »» 

0 


A. Immunised (4 days) . 

12 

Bovine S 13 (1)750 1 7 subtvpo) 

0 


B. Untreated 

12 

9t »» ** 

0 


A. Immimised (4 daj’s) . 

12 

Human S 1C 

9 


B, Untreated 

12 

„ 

0 


A. Immunised (4 days) . 

12 

Human S 21 

12 

1 

B. Untreated 

12 

ff 

0 


night glucose-broth culture ; (iv) 0-5 ml. of overnight culture in Todd 
and He^vitt’s broth. The intraperitoneal test dose was given 4-6 daj^s 
after the last immunising inoculation. The experimental results maj' 
be summarised thus : — 

1. Mice previously inocidated intraperitoneallj’- -with a single dose 
of bovine strain S 13 showed a longer survival time than untreated 
mice when exposed to a lethal intravenous dose of the homologous 
organism. 

2. Significant immunity to intraperitoneal test doses of the 
homologous strains of group-B streptococci of boAune and human 
origin was produced bj’’ intraperitoneal inoculation of a series of 

■ gradually increasing doses of living cultures. 

3. Mice previously inoculated nith a series of intraperitoneal doses 
of living cultures of bovine strain S 13, human strain S 16 and human 
strain S 21, given simultaneously, showed significant resistance to 
intraperitoneal test doses of aU three strains. 

4. Significant immunity to an intraperitoneal test dose of boAune 
strain S 13 was produced by intraperitoneal inoculation of a series 
of doses of formolised whole culture of the same strain. 
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0 . Guinoti-pigs prrviously iuoculnU'd inlrn^K'ritoncnliy with a fjcrios 
of living cultures, or a series of fonuolised and living cultures, of 
bovine strain S 13 showed signilicntit- resistance to an intra])critoneaI 
test (lose of the smne strain, and protective antibodies to bovine 
strain S 13 wore detectable by inousc-jwotcction tests in tlio pooled 
sera of hninunised guinen-])igs up to at. least 13 days after the last 
immunising inoculation with the same strain. 

G. Cross protection could not be demonstrated between two human 
strains of different serological type, or hotween these two Immnn 
strains and any of six bovine strains of serological type I ? subtype. 

7. Cross protection was demonslrnled among six bovine strains, 
all of serological t vi>o 1 1 snbtyjw. 

S. Jitice immunised ngait\st a bovine strain of serological tj-po 3a 
showed significant protection against test doses of two bovine strains 
of serological tj^ie 1 ? subtt'i)o, and against test doses of two .sero- 
logically different human strains. 

COXCLUSIOKS 

1. Jilicc and guinea-pigs can be immunised against an intraperitoneal 
test dose of group-B streptococci of human or bovine origin by a series 
of intraperitoneal inoculations with living or formolised whole cultures 
of the homologous strain : this immunity is frequently demonstrable 
up to at least two months after the last immunising inoculation, 

2. The method of mouse immunisation described may bo used to 
examine immunological relationships among different strains of 
group-B streptococci. 

I wish to thank Mr S. J. Edwards for five of the bovine strains, Jlr J. I. 
Taylor for the two other ho\’ino strains and the two liuman strains, and 
hlr P. Stuart, working under the direction of Dr A. W. Stabloforth, for examining 
all these strains serologically. Tliis work was carried out under the general 
direction of Dr W. S. Gordon. 
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THE EFFECT OF CASTRATION ON THE ACHTON OF 
SOME BARBITUKATES 

G. R. CAMF.nox, G. H. Coop.av and S. N. Dn 

Dcpdriintnl of ^lorbid /Itn/om;/, Unti'rrjfit’j ColU^'’ IJoipilal 
Mfdicnl School, London 

Late in 1037 , one of us noticed that spayed adult rats arc more 
susceptible to tlic quick-acting barbiturate, pentobarbital sodium, than 
normal female rats (Cameron, 103 S- 30 ). A programme for the investiga- 
tion of this phenomenon had to be put aside during the pre-war and 
war periods for more tiraeh' occupations, but recently we liave returned 
to the problem and this paper describes the results of our experiments. 

Methods 

Forty fully grown healthy male tVistar rats, about 200 g. body weight, 
were divided into two groups of twenty and kept ten in a cage in tho same 
anima l house, where temperature and liumidity were uniform throughout tho 
experimental period. A generous supply' of the Rowett Institute rat cubes 
(Thomson, 1936) was pro\n'ded daily for each animal, with unlimited water. 
Shortly before and at interv-als after castration, the response to pentobarbital 
sodium and on one occasion also to barbital sodium was estimated in terms 
of the sleeping time. This method was used by Cameron and do Saram (1939) 
in a study of liver damage and barbiturate response, sleeping time being 
assessed as the interval in minutes between complete relaxation of all limbs 
and return of the righting reflex after intraperitoneal injection of 40 mg. per 
kg. body weight of pentobarbital sodium. There is a fairly wide range of 
variation of sleeping time in a large group of rats, but the mean values for 
groups are comparable, although as we show later on in this paper, there may 
be a steady increase in the mean as the animals age. For the barbital test 
we injected 150 mg. per kg. body weight intraperitoneally. During all tests 
care was taken to prevent heat loss, which may be severe with barbiturate 
anasthesia. 

Twenty rats were castrated imder ether anaesthesia through a mid-line 
sub -umbilical incision, the spermatic cords and adherent tissues being ligatured 
with cotton thread and the abdominal wound closed with two layers of cotton 
sutures. Very little blood was lost and the animals made an. uninterrupted 
recovery. Stitch abscesses seldom developed in castrates but were quite 
common in the controls. Laparotomy only was performed on the twenty 
control rats, the operative procedures being identical with those adopted in 
the castrated group except for the removal of the testes. jS^o tests with 
barbitiuates were instituted until healing was complete in all animals. 

The experiment extended over 225 days (from jUarch to November 1947). 
Twenty-four hours before the animals were kflled they were given a subcutaneous 
mjection of 0-5 c.c. of chloroform per kg. body weight so as to determine whether 
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castration niters the susceptibility of the rat to this liver poison. Ono animal 
in each of tho two groups died within 2-1 liours, tlio remainder appearing ill. 
The adrenals, thjToids, jjituitnry and liver were carefully dissected out from 
each rat and weighed. Parnflin sections ivoro prepared from ropresentativo 
portions of tho liver and stained with Ehrlich’s acid h.'emafoxylin and eosin 
and IVeigcrt’s iron hiomato.vj'lin and \-nn Gicson. 

JtcsuJts 

Tables I and II summari.se the results of our experiments. Before 
castration tho mean sleeping times for tlio two groups of 20 rats were 
64±5 minutes and 5Gd;4 minutes, a diircrence wliich is not statistically 
significant. With castration, the mean incrca.scd to 127^6 minutes 
after 63-67 days and to 172±8 ininute.s after 102-106 days. At this 
stage the standard dose of pentobarbital sodium exerted to.xic effects 
and 4 castrates died. At 221 days after castration the mean sleeping 
time for the 16 survivors was 157i0 minutes, but 8 of tho rats had 
gone through an intcr\'al of treatment with testosterone propionate 
wliich had lowered their resi)on.se to pentobarbital sodium and this no 
doubt accounts for the fall in the mean for the group. These increases 
are statisticallj’ significant, so that we may conclude that castration 
lowers tho tolerance of the male rat to the barbiturate pentobarbital 
sodium. Tlus deduction is supported by consideration of the rc.spon.scs 
in the control rats, all of which were much less than tho.so exhibited 
by tho castrated animals. Statistical analysis bears out this imprc.ssion. 

Table I also shows an interesting variation in the mean sleeping 
times of the control series, with a significant increase from 56±4 to 


TABtn I 

Response to pentobarbital sodiam of castrated rats. Mean body weights 

and sleeping times 


Time Jntcrwil 


('a«:tm(cs 


Cent rob 

So. of 
mtfl 

Hod}- 
«t. (c.) 

SIcepInp 
lime (min'!.) 

So. of 
rats 

liodv 
^\t. (R.) 

Sli-crlnc 
timo (mins.) 

3 days boforo castration (JInrch) 
63-67 dnys after castration 
(Juno) 

20 

107 

Gi±r> 

20 

210 

50±4 

20 

220 

127±0 

20 

236 

0S±5 

102-100 doys after castration 
(Augu.st) 

20 

210 

172±8 
(4 died) 

20 

257 

77±5 

221 days after castration 
(November) 

16 

250 

157±9 * 

20 

254 

97 ±4 


• Includes tlic 8 rats treated tcslo»itcronc over 48 dnys ; treatment ceased 59 days before (his 
response to pentobarbital sodium was estimated. 


97±4 over 224 days. Wo do not know the explanation of tins lowered 
tolerance but think it is most likelj'- an ageing effect. It stands in 
marked contrast to the partial increase in tolerance to barbiturates 
known to be acquired b 5 ^ some species (Hoff and Kauders, 1926 ; 
Hitch, 1930 ; Seevers and Tatum, 1931 ; Tatum, 1939). 
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Fnrtlipr f'vifU'nco Hint the en'.lrntion enVol is n real one conies 
from tlic group of oaslrales treated witli testosterone projiionato 
(table II). Although the number of nnimals was rather Munll the. 

T.MU.i: II 

licspnti'-c fn pnitnbnrhiln} f’Aitim o/ co<fr.if<-ff ntf.t trmlrd v!lh Ir.clnctrrottr propiotinlc 
(0-2 c.r. ,stif>riifnncn!i.«!i; /or 12 xujrdinni oi-^r IS Mrntt bo'll/ u-<-\'jht)X 


anrf fkrpiup Ihtif^ 


1 

Tlm''lntrnnl | 

i 






Tf 


» cn'iit* 

No If 

Ko t.f 
nt^ 

■wl (c ) 

lln.r (fn!n« ) 

Xo. of 
ml' 

IWtv 

(e) 

tlinf (ti.lri' ) 

3 dnva before cn^tnition . . ^ 

s 

185 

72 j. 7 

s 

209 

.'7i 1 

C7 dnvs nfter cii'lrntion . . 

S 

209 

121 -i-M 

8 

230 

129iC 

lOG dn\-s nfter c.oslmtinn 

8 


179^11 

8 

2.".7 

IC.'i-ll 

131 dova nfter civctmtion 

8 

2:)C 

llOiM 

8 

2.7.7 

lC2il0 


(nfior G inject iom of 





testosterone) 




1"0 dnvs nficr cnetrnlion 

8 

2fv3 

90-7 

8 

2.'>r. 

I27ir> 


(nfter 12 injectioas of 





testosterone) 




221 dnj-s nfter cn.atmtion 

s 

2ol 

145^:13 

8 
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results are so consistent that we liavc no hesitation in accepting the 
outcome of this e.vperiment. Tlio first group of 8 rats showed a mean 
sleeping time of 72±'' minutes before castration, which increased 
to ITOdill minutes lOG days after castration. Six injections of 
0-2 e.c. testosterone propionate subcutaneously given over a period 
of 28 days reduced the mean sleeping time of tliis group to 119±14 
minutes. After a further G injections the mean sleeping time fell 
to 96i7 minutes. In the second group of 8 castrated rats the sleeping 
time remained liigh in the absence of testosterone administration, 
although there was a slight decline at one time. Statistical analysis 
shows highly significant differences between the pre-castration and 
post-castration sleeping times throughout the experimental period 
in this group. Clearly, replacement therapy with testosterone exerted 
a beneficial effect upon barbiturate tolerance. When testosterone was 
discontinued the mean sleeping time again lengthened, so that the 
sex hormone influence appears to be a reversible one, at any rate 
under the conditions with which we have been concerned. 

In striking contrast was the reaction to barbital sodium at a time 
when the pentobarbital sodium tolerance had greatly decreased. 
Intraperitoneal injection of 150 mg. per kg. of barbital sodium induced 
a mean sleeping time of 84±13 minutes in 20 castrated rats ; imder 
ri^ar conditions the 20 controls slept 96±15 minutes. No significant 
difference thus exists between the means for the two groups, the 
ratio of the difference to the standard error of the difference being 

J. JAia. JU.cz. — TOl. ix ^ „ 
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much less than two. Tlic significance of tlais observation will bo 
commented on later. 

Finall}’, we were unable to determine anj- difiorcncc in the extent 
and severity of the injurj’’ induced by chloroform in the two groups 
of animals. 

Discussion 

Our investigation establishes a relationship in male rats between 
testicular function and tolerance to the barbiturate pentobarbital 
sodium, for castration leads to a significant increase in the sleeping 
time induced bj' a standard do.se of pentobarbital sodium, which 
can be greatly inhibited by replacement therapy witli testosterone 
propionate. No such relation exists in the case of barbital sodium. 

Other workers have come to a similar conchi.sion from investigations 
in wliich several barbiturates were emplo^’cd. Hoick c( al. (1937 a 
and b, 1942), unbeknown to us, found a lowered tolerance to pento- 
barbital, Dvipal and pernoston in castrated rats but not to barbital. 
The action of testosterone esters in raising the resistance of female 
and male castrates was also demonstrated by Hoick ct al. [loc. cit.), 
StOrtebcckcr (1939) and Kinsey (1940), but no explanation of the 
phenomenon has been oficred by these workers. ^Vo wish to put 
forward some suggestions as to the meaning of these obscrvatioiis, 
ndth a hypothesis linking the function of the liver with that of the 
sex glands. 

The depressant barbiturates may be conveniently grouped as 
(1) long acting, e.g. barbital and phenobarbital, (2) intermediate, 
e.g. neonal, dial, nostal, (3) short acting, c.g. am^dal, pentobarbital 
and phanodorm, (4) ultra-short acting, c.g. evipal and pentothal 
(Werner et al., 1937). 

Generallj'^ spealdng, the long-acting compounds arc eliminated 
from the bodj’’ almost entirely by the kidneys, the liver playing a 
minor role. This certainly appears to be the case with barbital 
(Pratt ei al., 1932 ; Pratt, 1933 ; Cameron and de Saram, 1939). 
The short-acting barbiturates are mainl}’^ dcstro 3 '^ed bj' the liver, 
although small amounts may bo eliminated by the kidneys or dealt 
with by other tissues (Pratt, 1 933 ; Cushny, 1 936 ; Cameron and 
de Saram, 1939 ; Goodman and Gilman, 1941 ; Richards and 
Appel, 1941). Pentobarbital sodium maj’- thus be used as a moans of 
assessing one of the detoxication mechanisms in the liver of experi- 
mental animals, provided there is no reason to suspect altered 
susceptibility of the central nervous sj^stem to the barbiturate. 
Liliewise in the absence of renal insufficiency barbital maj’- serve ns 
an indicator of nervous sensiti\dty to barbiturates. We have made 
these assumptions in the present investigation and conclude that, 
because the sleeping time induced by a standard dose of pentobarbital 
sodium progressively increases and the barbital sleeping time does 
not, there is a disturbance of liver function associated in some manner 
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\ritii castration. Moreover, this iinpnirmenf can be repain't!, nt loa.st 
in part, by restoration of one of tlie missing sex hormones— testosterone, 
but promptly recurs when the hormone is fliscontiniied. Wc would 
therefore suggest that in the normal nthmal detoxication of )>ento- 
barbital sodium is to some extent, under the control of the sex hormones, 
for wo now have evidence (Cameron. 10.38-30) that both male and female 
rats respond to gonndectomy in similar fashion so far as their reaction 
to pentobarbital sodiinn is concerned. 

The idea that a hmctional relationship exists bciween the liver 
and the sex organs is not a new one. In recent years a steady 
accumulation of facts supijorts the view that the liver inactivates 
various sex hormones. 

1. CEstrogens arc said to be inactivated after pa.-jsagc through a 
hcart-lung-liver perfusion system but not a licart-lung system (Israel 
ct aJ. 1937). a Oilstradiol is removed rapidly from rat-liver perfusates 
(Sclvillcr and Pincus. 1943 ; Heller, 1944 ; Schiller, 1945). It is true 
that Cantarow ct al. (1043) maintain that exogenous and endogenous 
CEstrogens are not dc.stroyed in the liver but arc excreted in the bile, 
but this opinion has been challenged by Schiller and Pincus, who 
point out that Cantarow ct ol. did not take into account the inter- 
conversion of oestrogens. 

2. (Estrogens arc inactivated in vitro by liver .slices or pulp 
(Zondek, 1934 ; Heller, 1940 ; Twombly and Taylor, 1942 ; Zondek 
ct al. 1943). 

3. Pellets of oistrone and oestradiol benzoate are less potent when 
they are implanted into the spleen (Biskind and ilark, 1939 ; Biskind, 
1941 ; Kochakian ct al. 1944) than when inserted into somatic tissues. 
Seventeen times as much dicthylstilbccstrol is required for the 
production of vaginal cestrus in 50 per cent, of spayed rats when the 
injection is given into the spleen in situ as when the injection is given 
into a transplanted spleen (SegalofF, 1943, 1944). In other words, 
when the hormone has to pass through the liver before reaching the 
systemic circulation, it loses much of its potency. 

4. Endogenous mstrogens are inactivated when the ovaries are 
implanted intraperitoneally (Golden and Sevringbaus, 1938). 

5. Uteri of young female rats show stimulation by endogenous 
cestrogens after the liver has been damaged by carbon tetrachloride 
or alcohol (Talbot, 1939). Partial hepatectomy interferes with the 
conversion of oestrone to oestriol, much of it being excreted in the urine 
unchanged (Schiller and Pincus, 1944). 

6. Whole liver extract is said to reduce the mortality of rats 
receiving toxic doses of diethylstilbcestrol (Forbes and Evans, 1943). 

Such experiments suggest very strongly that certain sex hormones 
are excreted or converted into inactive forms by the liver. If the 
hepatic tissue is damaged by poisons or reduced in amotmt by operative 
procedures, enhanced activity of the hormones follows, suggesting 
that they are able to pass the liver barrier without interference. In 
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this waj" the hepatic colls exert an important control on the internal 
secretorj' activity of the sex glands. 

There is some reason to suspect that the liver mnj’- bo influenced 
in another fashion by the sex glands. Victor ct ah (19.‘10) have described 
variations in liver cell respiration throughout the sexual cj’cle of rats. 
The rate of o.xj'gen consumption of liver slices in vitro is liighest at 
oestrus, lowest in .spaj’ed animals and intermediate between these 
levels during dioestrus. Castrated rats arc said to show fewer binucleate 
cells in their livers than normal animals and the administration of 
oostrogens and progesterone a})pcars to increase the number of such 
cells (Allan, 1944). The liver of castrated male rats along with other 
organs shows some atrophy (Korcnchcvslcy and Dennison, 1034) and 
its lobules decrease in size (Hall and Korenchov.^hy, 1938), especially 
when castration is performed before .sc.xunl maturit}’- has been reached. 
These facts hint at a diminution of metabolic activity in the liver 
cells after castration and perhaps dcto.xif\'ing mechanisms become 
impaired because of this. S\ich a hj^iothcsis would explain the altered 
barbiturate response, but obviou-sly the matter needs to bo put to 
experimental test and this we hope to do shortly. 

We have now reached the intere.sting position of accepting a function , 
in the liver whereby it detoxicates .se.x hormones and barbiturates, and 
of demonstrating that absence of certain se.x hormones damp down 
further the activity of the liver mechanism which deals with quick- 
acting barbiturates. Can it be that these hormones in being disposed 
of b}' the liver cells arc used ns part of a detoxication process, either 
intimatol}' as co-enzyracs or indirectlj’’ through an action on the liver 
cell metabolism ? Is this relationship a direct one or mediated through 
some other internal secretion ? Atroph3’' of the thjwoid glands and 
hypertroph}’^ of the adrenals and pituitary are usual accompaniments 
of castration (Korenchevskj', 1930 (lit.) : Ave can confirm tliis from 
our experiments). Such speculations must not be pushed too far in 
the absence of relevant facts, but it seems to us that hero is a profitable 
field for further investigation. 


Svnnnari/ 

Castrated male rats develop a lowered tolerance for quick-acting 
barbiturates such as pentobarbital sodium but not for barbital sodium, 
a slow-acting compound. Beplaceracnt of one of the missing hormones, 
testosterone, is followed by improved tolerance. Ageing of normal 
rats is accompanied b3>- progressive, though not profound, loAA'cring 
of tolerance. It is suggested that the altered barbiturate response 
indicates disturbance, probably reAmrsible, of a functional relationship 
betAveen the sex glands and the liver. AIrcadj’- existing oAudence 
that the liver inactivates sex hormones is discussed, and the hjqmthosis 
is advanced that such hormones are utilised as adjuAmnts or co- 
enzymes in liver detoxication. 
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CLOTTING OP HU^LVN CITRATBD PLASMA BY 
GBAM-NPGATIVE ORGANISMS 

Ei.izABirrn M. Hanmu and Na^xv* S. Cokway * 

From the Dcpatimcrit oj ]3ac}cridlo^i/ atul the Gan^tner Imtitvlc oj Medicine, 
the Um'rcrffiJy eind UV/sfonv Infimmrtj, Qlacgow 


Coagulation of Iniman plasma is now accepted as the most constant 
biochemical criterion in the recognition of a pyogenic Staphylococcus 
aureus (see Jfuch, IflOS ; and for recent review Blair, 1939). It is 
also generally inferred tliat when plasma is clotted ns the result of 
bacterial action the organism responsible is Staph, aureus. The ability 
of other organisms to clot Immnn plasma has been but little 
investigated. Loeb (1903-04), who originally studied the action of 
various organisms on plasma, found that Bacterium coli and Pseudo- 
monas pyocyanca, one strain of each, clotted goose plasma ; and 
Fisher (1936) noted that two strains of Bacillus subtilis and one of 
Ps. pyocyanca were capable of clotting rabbit but not human plasma. 

In the course of diagnostic routine work an attempt was made to 
use for coagulase tests the mixed surface growth of agar cultures 
instead of the isolated strain of Staphylococcus. On several occasions 
clotting occurred with a mixed culture from which onlj' various 
Gram-negative organisms could be isolated ; one of these organisms, 
a member of the paracolon group, was found to be responsible for the 
clotting. This observation seemed to challenge the specificity of the 
coagulase test, and the present work was undertaken to discover 
which organisms apart from pyogenic Staph, aureus were capable 
of clotting plasma and what was the mechanism involved. 


Expebimental 


Thirteen strains of Gram-negative organisms were used (table I). 
Human plasma (blood bank) containing 0-4-0 -7 per cent, sodium 
citrate and 1 per cent, glucose was employed throughout. Each 
hatch of plasma was tested for clotting on recalcification by adding 
one drop of 5 per cent, calcium chloride to 0-5 c.c. of plasma diluted 
1 in 2 ; only batches which clotted were used. 

In preliminary experiments 0-5 c.c. of human citrated plasma 
diluted 1 in 5 with saline was inoculated with two drops of 24-hour 
broth cultures of various Gram-negative organisms and incubated 
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at 37° C. The results M-ere read at intervals: ■within 18 hours soft 
clot had formed with 1 1 of the 13 strains. In order to find the maximum 
dilution at wliich plasma could be made to clot bj’- these organisms, 
doubling dilutions of plasma in saline ranging from 1 in 1 to 1 in 16 
were set up, inoculated, and incubated for IS liours ; firm clot formed 
up to and including the 1 in 4 dilution, soft clot at 1 in 8 and no clot at 
1 in 16. According!}', all subsequent experiments were carried out with 
plasma diluted 1 in 2. 

Since it appeared possible that an enz.ymo analogous to that 
produced by Staph, aiirais (staphylocoagulasc) Avas responsible for 
the clotting, the folloAving experiment was carried out. The organisms 
were groAra at 37° C. for 18-24 hours in a mi.xturo of incat-oxtract 
broth (2 parts) and plasma (1 part). The resulting clot aa'Us dis- 
integrated by shaking and the culture passed through a Seitz filter 
(grade S.B., Ford’s “ Stcrimat ”) Avhich AA'as thoroughly Avashed before 
filtration by passing saline through it in order to remove soluble 
calcium compounds. The filtrates AA'erc found to lack clotting poAver. 
The possibilit}' that acid produced by the organisms formed the clot 
was next inA'Cstigated ; hoAA'CA'er, the organisms tested caused a rise 
in pH AA'hich per sc docs not clot controls. 

The question then arose Avhether clotting of citrated plasma might 
bo due to bacterial broakdoAA'n of citrate Avith subsequent liberation 
of calcium ions, since A’arious Gram-negative organisms arc knoAA'n to 
utilise citrate as a source of carbon. Whether or not a particular 
organism can utilise citrate is usually determined b}' the presence or 
absence of its groAVth in Koser’s medium (Kosor, 1923) in Avhich 
nitrogen is present in inorganic form (ammonium phosphate) and 
carbon is supplied by sodium citrate. Accordingly, organisms AA'hich 
in the X’reliminary experiments AA'cre found to clot plasma, Avere 
inoculated into Koser’s medium ; only some Avere found to be Koser- 
positiA'e (table I). Tins at first seemed to iiiA-alidate the hjqjothesis 
that clotting was due to utilisation of citrate and liberation of calcium. 
It has been shoAV'ii, hoAA'CA-er, (Lominski et ah, 1947) that Koser-negatiA'O 
organisms can utilise citrate in the presence of a source of nitrogen 
other than ammonium phosphate, such ns asparagine or peptone ; it 
seemed probable that in plasma the proteins might in an analogous 
way provide a suitable source of nitrogen. Since, hoAA'Over, groAvth 
in plasma will occur regardless of citrate utilisation, the turbidity of 
the fluid due to bacterial multiplication could not, as in Koser’s 
medium, be used as an index of citrate breakdoAvn, and chemical 
estimation of the citrate became necessary. For this purpose plasma 
was diluted in bulk in order to aAmid variation in the citrate content 
from flask to flask, and. 10 c.c. volumes AA'ere distributed under sterile 
conditions into Erlenmeyer flasks : these were inoculated and incubated 
at 37° C. for 18 hours. The clot Avas disintegrated bj’- shaldng and the 
citrate content of the total unfiltered fluid determined by the Hunter 
and Leloir (1945) modification of the method of Pucher, Sherman and 
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Vickery (193f>). A number of uninoculated flti'sks were also incubaied 
and served ns controls. The rcsuU.s indicate that, five strains rvliich 
do not utilise citrate in Kosor’.s medium are capable of doing so in 
presence of plasma proteins, and that, clotting runs parallel with Iho 
utilisation of citrate in plasma (sec table I), The average citrate 


TAni.n 1 

Shomng the correlalwn behrern dotting and the utilisation of 
citmte b>i Gram-negative organisms 



content of plasma after incubation in flasks inoculated with clotting 
or non-clotting organisms and of uninoculated controls is shown in 
table II; it is clear that clotting occurs when the concentration of 

TABtE n 


Shoimng the rdation bcltvccn dot formation and citrate 
concentration 


Plasma (1 in 2) 

Averace citrate content 
(rag./lOO c.c.) 

XTamociilated control .... 

210 

Inoculated with clotting organisms , , i 

2 

i> „ non-clotting organisms . 

200 


Citrate falls below the level required for the binding of &ee calcium 
ions (Harrison, 1947). If the ability of organisms to clot citrated 
plasma depends solely on their power to utilise citrate, clotting should 
not occur imder the following conditions ; namely, when the plasma 
contams untrally more citrate than the organism is capable of utilising, 
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in a plasma whose calcium is bound bj' a non-motabolisablc compound, 
e.g. oxalate, and in a plasma where an clement of the blood-clotting 
mechanism is either lacking or inhibited. Accordingly' the three 
follon-ing experiments were carried out, (i) Concentrations of citrate 
ranging from 0'26 to 5 per cent, were prepared in plasma diluted 
1 in 2 with saline and inoculated with a strain previously shown to 
clot the routine citrated plasma. After 18 hours’ incubation, clot 
formed in the tubes up to and including 1 per cent, but never above 
tius concentration, although there was good growth, (ii) Tlie organisms 
wore gromi in oxalatcd plasma ; no clot was formed, (iii) Use Avas 
then made of plasma passed througli a Seitz pad (such plasma does 
not clot on recalcification but coagulates on addition of thrombin, 
shomng that fibrinogen is jnesent) and plasma in which the thrombin 
mechanism Avas inactiA-ated l)y lieparin (2-5 Toronto units per c.c.). 
In both cases the plasma failed to clot Avhen inoculated AA'ith the 
organism under inA'cstigation ; this aaus not due to inhibition in the 
breakdown of citrate, since chemical estimation showed that the 
organisms had used practically all the citrate present, 

Discpssiok 

Experimental evidence has been produced aa'IucIi sliows that 
certain Grara-negatu'c organisms arc capable of clotting liuraan 
citrated plasma and that the phenomenon Ls duo to the brenkdoAATi 
of citrate bj' those organisms ; the subsequent liberation of calcium 
ions operates the normal mechanism of blood clotting. Therefore 
they fail to clot citrated plasma whose blood-clotting agents haA'o 
been remoA'cd by filtration or inactiA-nted by heparin. TJiese orgam'sms 
also fail to clot plasma aaIicii citrate is in excess or AA*hcn calcium 
is bound by a non-motabolisable salt (oxalate). No coagulating 
enzyme appears to bo produced by' Gram-negative organisms. Lastly', 
clotting by' citrate-utilising bacteria can occur only in relatively 
undiluted plasma (1 in 8), since breakdoAvn of citrate and subsequent 
liberation of calcium ions AA’ill remain ineffective in a plasma aa’Iiosc 
blood-clotting elements are too dilute to act. 

Such a mechanism is basically' different from that of plasma 
clotting by Staph, a^ireus ; here coagulation is due to the production 
of a clotting enzy'me by the organism and not to the progressiA'o 
destruction of the plasma anti-coagulant. Clotting by' citrate-utilising 
bacteria, depending as it does on citrate destruction, is determined 
by the initial amount of citrate present and by' the rate of growth 
of the organisms ; this explains the long period necessary', 18 hours or 
more, for clot formation. In contrast to tins, clotting by' staphydo- 
coagulase depends on the concentration of the enzy'me present and 
accordingly varies considerably in speed ; if pro-formed enzy'me is 
present in high concentration, addition of the culture to plasma 
may cause almost instantaneous clotting. Also, in contrast to Gram- 



CLOTTll^a or HUMAN PLASMA 


2r,l 

negative organisms staphylocoagulftso clots })lnsinn irrespective of 
whether citrate, oxalate or heparin is tised as anticoagulant. Finally, 
clotting by sta])hylocoagulnsc occurs even if the plasma is diluted 
1 in 100, being limited mainly by the amoiint of fibrinogen jireseni. 

These findings indicate that clotting of plasma by bacteria may be 
due cither to tlie production of a coagulating enzyme or, ns in the 
present instance, to the breakdown of the nnti-congulnnt — citrate. 
Accordingly coagulnse tests, which aim at revealing the presence of 
Staph. fli/rcH.s by demonstrating the action of its clotting enzyme, 
should always be performed with hejiarinised plasma. If, ns is usual, 
only citrated plasma is available, heparin should bo added. Further, 
since citrate is the customary nnti-congulant used in the storage of 
blood for transfusion puqioscs and since some Gram-negative organisms 
grow well at low temperatures, it is possible that clotting in bottles 
of plasma is occasionally due to contamination with these organisms ; 
therefore the eontents of all bottles in which a clot is present nnist ho 
discarded. 

StTMMAIlY 

Clotting of plasma by a variety of Gram-negative organisms has 
been described. 

The mechanism of tliis clotting depends on the breakdown of 
citrate, the subsequent liberation of Ca ions throning into operation 
the normal blood-clotting system. 

Since onl}' citrated plasma is clotted, heparin should always be 
added to plasma which is to be used for the coagulase test. 

tVe ore indebted to the staff of tho blood bank, Western Infirmary, for 
supplies of plasma and to tho Rankin Research Fund for a grant towards the 
expenses of this work. 
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AIsTHBAX IX A LABORATORY WORKEIL WITH 
OBSERYATIOXS ON THE POSSIBLE SOURCE OF 
INFECTION 

M. A. Soltys 

Dcparfmcn! oj VtJcrinary Pathologtj, UmvcrsUy of Liverpool 

Despite the precautions normally taken to prevent infection or 
contamination w'itK JJaciiius anthracis, laboratoty workers sometimes 
become infected. In 1047 one of my students became infected during 
or after a practical class in which he handled fi.ved and stained nntlirax 
smears. A typical lesion developed on his chin at the site of a cut 
made during shamng, and virulent antlirax bacilli were isolated from 
it. Fortunately the infection was mild and the student recovered 
after treatment in hospital. 

Prom investigation of all likely sources it was concluded that the 
infection must have been acquired from handling cither fixed films 
made ftom an anthrax culture or blood smears prepared from a 
guinea-pig which had died of anthrax. The class during which the 
student handled these preparations met about 12 days before the 
infection appeared. This would be rather a long period of incubation 
and it seemed probable that he acquired the infection during re- 
examination of the slides rather than during the practical class itself. 
The culture films were made ftom 24-hour anthrax cultures and were 
fixed by heat before they were handed to the students for staining. 
The blood smears from the guinea-pigs were also handed to the students 
after fixation. 

Since this accident suggested that despite fixation and staining 
one or other of the preparations contained viable organisms it Was 
decided to collect all anthrax slide preparations from the students 
in order to check this possibility. Each slide was rubbed with a 
moist swab and cultured. Ail slides made from the anthrax culture 
yielded growths of anthrax bacilli, whereas some of those prepared 
from the guinea-pig blood films were positive and others were negative. 
This suggested that the infection was more likely to have come from 
the anthrax culture film. In further investigations, anthrax culture 
films which had been made in the department over a period of a 
few years were examined for viability. From most of these prepara- 
tions B. anthracis was cultivated. These results stimulated further 
investigations into preparations with anthrax organisms, and it is 
the purpose of this communication to report their results. 
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Survival of anthrax spores on elides after various forme of treatment 

TIio liternturo on tlio resistance of JJ. anthracis spores to cirj’ heat, ro^'iovvod 
b 3 ' Murraj' (1931), is still controversial. Most workers claim that liot air kills 
spores of B. anthracis in 3 hours at 140“ C. and in IJ hours at 160“ C. Murraj’ 
himself found that at 135“ C. the time ranged between 5 and 10 minutes, at 
126“ C. it was 26 minutes and at 120“ C, it rangerl between 40 and 45 minutes. 
Reccntlj' Ong (1940), using an electric fumneo n.s a source of drj' lieat, found 
that a tempcratiu-o of 400° C. kills the spores of B. anthracis in 20-30 seconds 
and at 120“ C. in an liour. According to Ong (p. 141), “ Tlio time necessary 
to fix a film of spores is verj’ much les« at anj' given temperaturo than that 
required to kill the organisms 

ExrrRIMKXTAI. ohskuvations 

Two strains of B. anthracis were used : tlio strain “ G ” isolated 
from the above student — and “ L ” an old laboratory strain. 

I. The time needed to hill spores of B. anthracis on slides 

Tihns made on slides were heated in the upper part of a Bunsen 
flame for periods ranging from 1 to 7 seconds. Tlic films were then 
left on the bench for a short time and, when cool, were rubbed with 
swabs soaked in sterile broth ; these in turn were smeared on blood- 
agar plates which wore incubated at 37 ° C. for 24 hours. The films 
heated up to 5 seconds gave positive cultures, wlioreas those heated 
for longer than 5 seconds were negative. The films heated for more 
than 5 seconds were usually burnt and of little value for microscopical 
examination. 

II. The effect of dyes and methods of staining on the viability 

of spores of B. anthracis on slides 

Smears from sporulating .3-dny cultures on agar fixed for about 
three seconds over tlio Bunsen flame were stnined by the following 
methods : — Gram’s metliod, Zield-Neelson’s method and its modifica- 
tion for staining spores, Muir’s method and Hiss’s method for capsules 
and Schaeffer and Fulton’s (1933) malachite-green method for spores. 
The following simple stains were also emplo3’’ed : — crystal \’iolot 
0‘6 per cent. ; gentian violet 1 per cent. ; cafbol fuchsin 1 per cent, 
in 5 per cent, carbolic acid ; and methylene blue in 1 per cent, aqueous 
solution. After being stained, each preparation Avas rubbed with a 
swab moistened in sterile broth and the swab Avas smeared on a blood- 
agar plate. 

After fixation and staining, all these slides contained vdablo spores, 
even when the spores themselves were stained. 

III. The effect of mercuric chloride and potassium permanganate 

on the spores of B. anthracis on slides 

Films containing sporulating B. anthracis were immersed for 
periods ranging from ^ to 60 minutes in a 1 : lOOO solution of mercuric 
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chloride. Encli film wns then rinpcd under nmning water, dried, and 
washed off with a moistened .swab, which was smeared on a blood-agar 
plate. 

Similar ex:x)orimonl.s were carried out with saturated and with 
4 per cent, solutions of potassium permanganate. 

Growth was not obtained from film.s immersed in 1 : 1000 mercuric 
chloride for 5 minutes or longer. Those treated wtli potassium 
permanganate were negative after immersion for .’5 minute.s in the 
saturated solution or 1(5 minutes in tiie 4 per cent, solution. The 
fi lms treated unth pota.csium i)crmnngnnnto were so discoloured as 
to make them unsuitable for staining, but the preparations immersed 
in mercuric chloride were fixed and stained well. 


Spores in the freshly opened carcass 

Hitherto it has been assumed that greater risk was attached to 
the handling of preparations made from sporing cultures than of smears 
prepared from the freshlj’ opened carcass of an animal which had 
died from anthrax. Tliis assumption is based on the widely accepted 
view that B. anthracis docs not sporulatc in the unopened carcass, 
but the point that not all anthrax spores arc changed into vegetative 
forms in the animal bod}' when a culture is inoculated is quite often 
overlooked. Houie and Cruickshank (1947) found viable anthrax 
spores in the spleen of mice killed 3 months after inoculation of 
B. anthracis spores. In order to inoculate bacilli rvithout spores 
Howie (personal communication) adopted the plan of injecting a 
4-hour culture and then making 3 or 4 serial passages direct from 
the heart blood of infected mice. With such heart blood as a source 
of asporogenous bacilli he never found heat-resistant forms in the 
carcass of an injected animal but observed that vegetative forms 
from the carcass developed heat-resistant spores if the blood or 
organ was prevented from drjdng and kept at a temperature above 
18° C. In my experiments I sought to produce an asporogenous 
anthrax culture for animal inoculation v'ithout having recourse to 
repeated passages through animals by the following method. 


B. anthracis was subcultured several times at 37° C. under 50 per cent, 
carbon dioxide on blood-agar plates. Microscopic examination of stained 
mears of the fourth subculture showed that, as far as one could determine 
by this method, it was asporogenous. Ten guinea-pigs were inoculated sub- 
ratmeonsly with 0-5 c.c. of a suspension from such a culture. All died within 
24 hours, whereas guinea-pigs injected with a suspension of a sporulating culture 
do not usually die until 2-3 days later. 

Ii^ediately after the carcass was opened the spleen and heart were 
ransferred to a sterile Petri dish and smears from blood and splenic pulp were 
prepared with a minimum of delay. The smears were fixed by heat for 5 seconds 
and stained with a one per cent, solution of aqueous methylene blue. After 
microscopic examination the slides were rubbed with moistened swabs and 



260 


M. A. SOLTYS 


cultivated on blood-ngnr plates. The remainder of tho spleen and heart ■were 
each separately suspended in saline and lieatcd at 90’ C. in an oil-bath for 
6 minutes. TOien cool they ■were cultured on blood-ngnr plates. 

The results of these investigations were ns follows : — 

(1) A careful and prolonged microscopical examination of freshly 

prepared smears from tho carcass showed tho presence of 

spores. 

(2) The fixed and stained smears from the heart blood and 

spleen gave cultures on blood agar. 

(3) Cultures were also obtained from the heated spleen and 

heart tissue. 

It seems bkcl}’’ that a microscopic examination alone cannot bo 
relied upon to determine whether a culture contains spores or not. 
Although microscopic examination and the rapid death of the guinea- 
pigs seemed to suggest that the culture was asporogonous some spores 
maj'- have been present in the inoculum, which was not examined 
after heating. The point of practical importance is that one cannot 
assume that freshly prepared and rapidly fixed blood films from 
guinea-pigs which have died of anthrax after injection of cultures are 
necessaril}’ free from spores which were present in the inoculum. 


Presence of viable anthrax spores in eomhnsaiion droplets from 
heated suspensions of anthrax spores 

According to tho recent studies of Stein and Rogers (1940) it 
would appear that %dablo anthrax spores may escape into tho 
atmosphere during tho heating of anthrax suspensions in open 
containers. 

To examine tliis question antlirax spore suspensions A^•erc made 
by emulsif 3 dng S-da}’ cultures in 2 c.c. of saline in 6x1 in. p 3 ’Tex 
test-tubes with cotton-wool plugs. To avoid contaminating the upper 
portions of the tubes with spores, tho suspensions wore made with 
the greatest possible care. To make quite certain that tho upper 
part of the tube in tho region of the cotton-wool plug was absolutel}’ 
free from anthrax spores, controls were made bj’- swabbing this part 
of the tube and making cultures. Tho suspension was then heated 
in an oil-bath at 90-95° C. for 1-2 minutes. During heating, vapour 
fi'om the spore suspension formed condensation droplets on the neck 
of the tube. These condensation droplets were then swabbed and 
smeared on blood-agar plates. The cotton plugs were also smeared 
on the same plates, wliich were incubated for 24-48 hours. All swabs 
from both condensation droplets and cotton-wool plugs proved on 
cidtural examination to bo antlu-ax-positive, whereas control swabs 
made from the necks of the tubes before steaming were negative. 
Since it seems unlilrely that anthrax spores could be deposited in this 
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situation from water vapour, their presence on the cotton-wool plugs 
was probably duo to trapping by the wool of minute droplets of fluid 
thro^vn up by the breaking of the bubbles, 

SUMMAUY 

1. Spores of B. aiithracis in films on slides may withstand the 
temperature of the Bunsen fiame for fi-O seconds. 

2. None of the common stains and methods of staining used in 
bacteriological technique destroyed all spores in films on glass slides. 

3. Mercuric chloride solution (1 : 1000) killed the spores of 
B. anthracis smeared on slides after these had been immersed for 
5 minutes. Spores were also destroyed bj* a saturated solution of 
potassium permanganate after 5 minutes’ exposure, and by n 4 per cent, 
solution after 15 minutes’ c.xposurc. Potassium permanganate, 
however, rendered the slide unsuitable for further staining. 

4. Guinea-pigs infected with cultures of B. anthracis, which may 
have contained spores, invariablj' showed the presence of spores in 
the recentl}’ opened carcass. 

5. Evidence was obtained that rdablo spores may escape into 
the atmosphere if spore suspensions of B. anthracis in saline are heated 
in open containers. 

I wish to express my thanks to Professor A. W. Downio ond Dr G. 0. Davies 
for their helpful criticism of the paper and to Mr L. Kelley for his technical 
assistance. 
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THE LINING OF HEALED BUT PERSISTENT ABSCESS 
CAVITIES IN THE LUNG WITH EPITHELIUM OF 
THE CILIATED COLUMNAR TYPE 

D. PnYcn 

IJaufidd Hospital, Middlrsrx 


(Plates XXXIII-XXXVI) 


Abscess cavities in the lung, like similar lesions elsewliere, heal in 
one of tvo ■waj's : by obliteration and scarring, or bj’ epithclialisation. 
In most situations abscess cavities ■which become cpithclialiscd acquire 
a lining of squamous epithelium. In the lung, however, abscess 
ca-rities which persist sometimes become lined with ciliated epithelium. 
Attention has been draum to such lesions by Bcrard d at (1946) 
and by Sellers d at (194G). In the latter paper 27 cases were described 
in wMch a suppurative process affected different parts of the lung 
in succession. Three cases were treated by pneumonectomy, and 
in two of these the specimen contained cavernous spaces lined by 
ciliated columnar epithelium. There was little doubt about the 
acquired character of the lesions, because they were observed radio- 
logicahy to arise in parts of the lung which had been previously normal. 
The excised lung, in one case rvith a four years’ historj', contained 
cavities of different types. Those winch developed in the earl}’ stages 
were lined -with ciliated epithelium ; they contained air, appeared to 
be undergoing ciliary drainage and were usually clean. Those which 
formed later, when the disease was more advanced, were lined ■with 


squamous epithelium and contained stale pus, while the most recent 
were lined ■with granulation tissue and contained a purulent slough. 
It would appear that in cases of this kind ciliated epithelium forms 
when conditions are favourable for healing, squamous epithelium 
when they are unfavourable. Simple surgical drainage could not close 
these cavities, and the Trench workers were concerned ■with the possible 
prevention of epitheliahsation. 

In spite of these reports the process of ciliary epithclialisation is 
not well kno^wn, and in the present paper the thesis is restated and 
five more cases are described. The current pulmonary symptoms in 
these cases were those of bronchiectasis, and included persistent 
cough with excessive sputum which was usually non-feetid. In four 
cases, however, the history began ■with symptoms suggestive of lung 
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abscess or pneumonia. Tlus illness was characterised by fo\’cr, pleuritic 
pain and cough, wth sputum which in most cases was foul. Sometimes 
tliis attack was repeated. In one case the history was unsatisfactory. 

The appearances of the cavities in these (and the previous) cases 
are shown diagrammatically in fig. 1. Some large cavities (Ll) had 
large bronehi opening dircctl}’’ into tliom. Other largo cavities had 
only small bronchial connections. Some of these formed extensive 
clefts deep to the surface (L2) or alongside the large bronchi, but 
communicating with them only by small ostia. Sfost small cavities 
(S) had onl}' narrow communications, whether connected with largo 
or small bronchi. Some, liowcver, appeared to have communicated 
widely, and to have been rc.sponsible for irregular dilatation of some 
bronchi (P). Some small cavities (T), situated in the angle between 
bronchi, made these intcrcomraunicato immediately be3'ond their 
origin. Manj' cavities appeared to have formed bj’ confluence of 
lesions which wore once discrete. Some cavities extended across 
septa and fissures, and communicated with bronchi of separate sectors 
or lobes. JIan}’ cavities wore bridged bj’ trabcculre (fig. 2). 

These appearances were readily* c.xplicablc on the basis of an 
ulcerative process, and oven though the lesions had now a lining 
of ciliated epithelium, this was their probable origin. These appear- 
ances maj"- of course bo seen in congenital abnormalities, but such 
lesions require an additional ulcerative factor to explain them. Several 
of the cases of intra-lobar sequestration described bj* the author 
(Pryce, 194G; Pr^’co, Scllors and Blair, 1947-48) M'crc in fact 
complicated in this waj'. The lioterodo.x view which regards the 
mesenchyme as plaj'ing the major role in modelling the embrj’onic 
bronchial tree, which might bo invoked to explain the present lesions 
on a congenital basis, cannot bo admitted. 

The only difficulty in accepting the ulcerative theorj' appears to 
be the assumption, wliich is tacitty but widclj* made, that ciliated 
columnar epithelium is too highty differentiated to undergo reparative 
growth. But the proliferative capacity of ciliated bronchial epithelium 
has been experimentally’^ demonstrated, Tlius when small pieces of 
rabbit lung are placed in tissue culture media the cih'ated epithelium 
grows over the cut surface of removal (Robb-Smith, 193G). In some 
instances the ciliary waves acting rhj’thmically in one direction are 
capable of rotating the whole fragment. Again Avhen small incisions 
are made into the lungs of cats the cut bronclii sprout into the healing 
wound and even form new aerated lung tissue (Montgomery’, 1943-44). 
The epithelium, at first cuboidal, later becomes ciliated, unless infection 
occurs, Avhen it becomes squamous. Important also is an observation 
by Willis (personal communication) of the ciliary epithelialisation 
of a hydatid cy’st after the evacuation of its contents into a bronchus. 

In most places the ciliated epithelium lining the cavities is super- 
imposed on scar tissue devoid of muscle, cartilage or glands (fig. 3), 
but naturally these structures are present where parts of communicating 
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Fio. 3.— Wall of cavity m cn«o 1 with ciliated columnar cpitliolnim superimposed 

on ?car tis'ue. '/ SO. 



Fig. 4. — ^Hj'pertrophied littoral epithelium in alveoli adjacent to fibrous wall of 
cavity in case 1. The epithelium, although m this instance columnar, is quite 
unlike the ciliated epithelium of the canty. X 80. 
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bronchi tvrc incorpornt-ctl in the wail. The ciliated cpithcUvinr appears 
to grow from the mouths of bronchi which open into the cavity both 
distally and proximnlly. Tlio procc.ss is apparently complex and 
dependent on many factors, some of which promote drainage and 
arc purely mechanical. In this respect the size of the broncliial 
communication, the situation in the lung and the amount of secretion 
in the air passages arc relevant. But the healing of basal cavities 
and of cavities ■with small communications indicates that more 
important factors exist. The.«e combat infection and include the 
patient’s resistance and treatment. It is probable that with modem 
chemotherapy healed ca\'ities with ciliated epithelium will become 
more frequent, I'.c, in lesions which would otherwise be fatal in the 
early stages or become lined with squamous epithelium in the later 
stages. Healed cn\*itics with ciliated epithelium arc not encountered 
in tuberculosis, actinomycosis or other conditions in which infection 
is not readily overcome, but future chemotherapy may change this too. 
Nutritional factors are also involved, c.g. vitamin A, deficiency of 
which causes squamous metaplasia. The process requires oxygen 
and depends on the supply of blood from the bronchial arteries, 
or, in the presence of adhesions, from anastomatic parietal arteries. 
The higher systemic pressure favours the flow of blood from these 
arteries, rather than from the pulmonary, to the new vessels of 
granulation tissue. The littoral epithelium of the pulmonarj' alveoli 
does not appear to participate in the lining of these cavities. The 
proliferation of this epithelium, which gives rise to the glandular 
appearance of certain forms of fibrosed lung, begins in isolated patches 
in the alveoli which abut on the fibrous framework of the lung (fig. 4). 
This epithelium may become columnar, but probably not ciliated. 
In the fibrosed lung near the ca'vities in. two cases there was an excess 
of hypertrophied plain muscle. This, like the ciliated epithelium 
fining the cavities, appears to be a new formation. Its occurrence in 
certain cases of pulmonary fibrosis has been previously reported 
{e.g. Bowden, 1947). 

The present lesions have a bearing on the problem of chronic 
bronchiectasis. In the proper coimotation of the term (pathological 
dilatation of bronchi) this is a separate condition which may be due to 
dfetension beyond a block, traction by fibrosis, or infection of bronchi 
dilated by massive collapse ; it may even be congenital. But the 
view is held that some cases of this heterogeneous group are due to 
ulceration (ISIcM et al. 1929 ; Erb, 1933 ; Lisa and Rosenblatt, 
1943 ; and many others). With this view, which according to Lisa 
and Rosenblatt was first put forward by Gairdner in 1851, the author 
would agree. Epithelialised abscess cavities such as would occasionally 
result from the healing of suppurative broncho-pneumonic foci would 
be indhtinguishable from the lesions of certain cases of saccular 
bronchiectasis. But it is probable that the ulcerative process is more 
frequently secondary to a suppurative pneumonitis from without. 
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as in tlio present lesions, than to ulceration of the broncliial mucosa 
from witliin as described by the above authors. 

CoBo 1. A soldier of 20 vrho'so liistorj* began 1C months earlier with malaise, 
cougli, foul sputum and hn-moptysis. Although subsequent attnclm occurred, 
his general condition remained goo<l. Ho had some basal rales, however, and 
slight clubbing of the fingers, and X-raj- examination rovcnle<l a largo cavity 
at the base. Lobectomy was performed, and ho retunic<l to the forces, 

nio excised left lower lobo (fig. 2) containeel a largo cavity at tho base. 
This was composed of two compartments, tho larger of which measured 
0x4x3 cm. It communieatrxl with many branches of tho middle and posterior 
basal bronchi and was bridged by trabecula' of resistant lung. It containerl 
air and muco-pus, and had a lining of ciliated columnar epithelium superimposed 
on scar tissue (figs. 3 and 4). 

Caso 2. A mentally backward orphan of 10. Pulmonarj' Kjunptoms, which 
were slight, had no definite beginning, and probably datetl from early child- 
hood. Ho was brought up in a “home,” was 18 months in hospital for 
tuberculosis, and spent 21 years in a sanatorium, from which he ran away. 
Radiography revealed an e.xtonsivo cystic condition in tho right lung, and tho 
heart drawn over to that side. Tlicre was no ondonco of tubenculosis, and 
he was sucecs.sfully treated by pneumonectomy. 

Tho excised shrunken adherent right lung contained numerous cavities 
filled with air and muco-pus (fig. 5). Tho largest cjivity occupied tho greater 
part of tho middle lobo and oxtcnde<l into tho nntcro-laternl part of tho upper 
lobo, whero there were other cavities. A largo cavity in tho lower lobo com- 
municated by small ostia with the three basal bronchi, and (more freely) with 
the dorsal bronchus. Both cavities were liner! by ciliatcrl epithelium (fig- 0). 
Tlio bronchi communicating with tho upper cavity were ectatic, but the basal 
bronchi communicating with tho lower cavity were not. In some places there 
wa.s “ muscle fibrosis ”. 

Caso 3. A soldier of 24 whoso histoiy began at the ago of 10 %rith pneumonia. 
An empyema developed, and was drainerl. Subseqtiently lio remained well 
till ho was 21 when ho was in bod for sovcml wcek.s with bronchitis. Four 
montlis before operation, when on active scr\-ice, ho lind a febrile illness and 
was found to have a largo cav-ity in tho loft lower lobe. I'his was followed by 
yot another attack. At Harcfiold Hosj)itnl tho heart was found displnccrl to 
tlio same side ns tho cavity, and there was bronchiectasis, not only of tho bronchi 
which opened into the cavity, but in tho middle lobo on tho opposite side. His 
general condition was good and there was no dyspna’a, but ho had slight clubbing 
of the fingers and ho brought up about 2 oz. of sputum a day. Tho affected 
lower lobe was excised and, although tho bronchiectasis on tho right side remained, 
his symptoms improved. 

In this shrtmken, adherent left lower lobo, a largo cavity lined with ciliated 
columnar epithelium had formed on irregular ring round tho periphery of tho 
whole lobo (figs. 7 and 8). In tho fibrosed lung surrounding tho cavity there was 
an unusual amount of plain muscle. Tho bronchi entering tho cavitj' wore 
ectatic. 

Case 4. A man of 63 with a " weak ” chest since an attack of malaria 
27 years before. He produced about a cupful of sputum a day, which was 
sometimes tinged with blood. Ho had hod pneumonia three times, and n lung 
abscess had been drained. Ho was pale, thin and scoliotic. His blood pressure 
was low (86/60) and the blood sedimentation rate high (114). Ho died suddenly. 

The cadaver exhibited several bed sores and there was a loft Otli rib-resection 
scar. Tliere was dorsol scoliosis to tho loft, on which side the lung was densely 
adherent. The left upper lobe contained a large healed cavity with a lining of 
ciliated columnar epithelium. This lay along tho anterior margin and com- 
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immicfttwl •vritb bronchi of tiio npicnl nncl nntcrolntornl roctors. Tlio other hmp, 
wliich wns ndheront, cmiihvFcmntovw nnd oHlciiintous, conloinc^l one Inrgo nnd 
several small emboli. There wore two old infarcts in the spleen. A chronic 
peptic ulcer in the duodenum had ulcerated into the bile duct. Tlio kidnoya 
were fatty and the glomeruli inf>ltrate<l with amyloid. 

Case 5. A marrictl woman of 26, complaining of cough with 3 or., of 
Epvitum daily. There was slight, digital clubbing. Two years prcviou.sly aho 
had had right basal pleurisy and fluid had been withdra\vn. A year later aho 
had an attack which wn.s thought to bo duo to a gall-bladder lesion. Four 
months later a right empyema was drainc<l. At Harcficld Hospital she had 
two further operations for cmj>ycmn, one in the posterior part of the right 
base shortly after ndmis.sion, the other on the same aide anteriorly five months 
later. Wien she had boon in hospital 7 months it was noticed in an X-ray 
film that the eye end of a darning needle was cmbctldcd in the hollow of tho 
sacrum. It was nisty and in several pieces. Several unsuccessful attempts 
were made to remove it, and tho last of these was followed by cellulitis and 
death. 

At post-mortem a largo abscess cavity was found in the pelvis which com- 
municated with tho rectum. This was associated with pulmonary and portal 
pyremia. The sacrum showc<l suppurative osteomyelitis, and tho needle was 
found embedded in a granulation tissue in its anterior surface. Tlio gall bladder 
contained some pigment calculi. Tito cpitholialiscd cavdty, which had multiple 
bronchial communications, was situated in tho posterior part of tho adherent 
right base. It was not completely opithcUaliscd, and was being drained by a 
rubber tube. 

Summary 

Cavities in the lung with a respiratory epithelial lining are not 
necessarily congenital : they are sometimes epithelialised abscess 
cavities. In two cases (already reported) typical lesions were observed 
by repeated bronchography to arise in parts of the lung which were 
previously normal. In them, and in most of the present cases, the 
history began with sjTnptoms suggestive of pneumonia or lung abscess. 

The two features which most clearly distinguish healed cavities 
are : — (1) communication with multiple bronchi (indicative of ulcera- 
tion) and (2) trabeculas of lung which have resisted the destructive 
process. 

The ciliated epithelium lining healed cavities is usually super- 
imposed on scar tissue. Persistent cavities become lined with 
epithelium of ciliated t3^e when conditions for healing are favourable. 
When healing is delayed or repeatedly interrupted the epithelium is 
squamous. 

The lesions in certain cases of “ bronchiectasis ” are healed abscess 
cavities. 

I wish to tbank Mr Holmes Sellora and ilr Vernon Thompson for the surgical 
^Mmens. To them and also to Dr L. G. Blair and Dr D, Houghton I am 
mdebted for much stimulating discussion. The recognition of the condition 
WM a co-operative effort, and in tho first instance was largely dependent on 
radio^aphy. I am also grateful to Professor W. D. Newcomb for helpful 
cntioism. The photographs and sections were made by Mr W. Pereira. ^ 
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THE INFLUENCE OF CULTUHAL CONDITIONS ON 
THE ^lORPHOLOGY OF BACTERIUM AERO- 
GENES WITH REFERENCE TO NUCLEAR BODIES 
AND CAPSULE SIZE 

J. P. Dcguid 

Bacicriology Dcparimoit, University of Edinburgh 

(Plaths XXXVII-XXXIX) 

LrrEiiATunE 

The uniform staining usual in bacteria is often interpreted as indicating that 
tbe nuclear substance is evenly distributed throughout tho coll ; Imsenecki 
(1940) regards a " diiTuso nucleus ” as a primitive stage in nuclear evolution. 
On the other hand, tho presence in bacteria of a discrete nuclear structure 
has been considered neccssarj* to explain tho constancy of transmission of 
hereditary characters (Lindogron, 1935) and tho results of experiments on the 
lethal effect of ionising radiations (Holweek, 1929; Lea, 1946). Moreover, 
microscopic demonstration of nucleus-liko intracellular bodies has been claimed. 
In a fevr cases these have been shown by ordinarj- staining methods (Stoughton, 
1929; Allen, Appleby and IVolf, 1939; Peshkov, 1944-45), and more regularly 
by the Feulgen method (da Cunha and Mimiz, 1929 ; Kuzela, 1932 ; Stille, 
1937 ; Piekarski, 1937, 1940 ; N'eumann, 1941 ; Knaj*si, 1942), by staining 
after hydrolj-sis with hydrochloric acid (Robinow, 1941-42) and bj' staining after 
treatment ■with the enzyme ribonuclease (Tulasne and Vendrely, 1947). Reasons 
for belie\-ing that these bodies are nuclei or chromosomes include their great 
affimty for basic dyes, their positive reaction to the Feulgen test for desoxyribo- 
nucleic acid, their selective absorption of ultrai'iolet radiation about 0-27 microns 
in wavelength (Piekarski, 1938), their loss of dye-affinity on treatment ■with 
desoxyribonuclease (Tulasne and Vendrely), their distinction from volutin by their 
resistance to hydrolysis ■with hj'drochloric acid and persistence during starvation 
(Knaysi), and, most convincing of all, their occurrence in all cells at aU stages 
of gro^wth, their appearance of undergoing division in relation to cell di-vdsion, 
their central position in the cell and their relation to the cytoplasmic boundaries 
and ■transverse septa (Robinow, 1941-42, 1943-44, 1945). Studies ■with the electron 
microscope have for the most part failed to reveal intracelliilar structures. 
However, by culture in a nitrogen-free medium (a solution of glucose and 
sodium acetate), Knaysi and Baker (1947) were able to render Bacillus mycoides 
more transparent to the electron beam so that relatively opaque intracellular 
bodies could be distinguished. 

The influence of cultural conditions on capsule formation has not been 
adequately studied. The importance of serum and other native animal proteins 
has been frequently emphasised, indeed perhaps over-estimated. The dependence 
of capsule formation on the presence of carbohydrate in the medium has been 
eho^wn for pneumococci and streptococci by Buerger (1907) and Morison (1940), 

J. PilH. BACr. — ^TOL. IX 265 



200 


J. P. DUGUJD 


for Bacicrium coU nnd pnlmonolln orgnnipms by Morgan nnd Bcckwitli (1939), 
and for Bacterium fricdldndcri by lloogcrlicido ( 1 939), vlio found that tlio addition 
of sugar to peptone media resulted in larger capsules, wlicrcas small amounts 
of sugar woro oxbausted nnd capsules tlien dirninisbod. In a sugar-containing 
syntbotio medium, capsules were largest wlien growth was limited by a deficiency 
of pbospbnte. 

MirrnoDs 

The obsen-ations reported in this paper wore made with 21 strains of Bact. 
acrogcncs recently isolated from faecs, water, milk nnd air. The basis of tlio 
experimental media was 1 per cent. well-wnshc<l agar, 0-2 per cent. IsaCI, 
0-1 per cent. K.SO^ nnd 0'02!> per cent. MgSO^ in distilleel water (pH about 
0-0). The nutrient substances ndde<l to this base svero either carbohydrate nnd 
peptone (Evans’s bncteriologieal peptone solution at pH 7-1), or carbohydrate, 
ammonium sulphate nnd phosphate (a mixture of 1 part IvHjPO, nnd 3 parts 
Nn;HPO<, giving pH 7-3). In most tests the earbohydrato was sucrose ; in 
some it was citric acid neutralised to pH 0-0 by addition of sodium liydroxide. 
TOien buffering without u«c of a high concentration (r.g. 1 per cent.) of phosphate 
was desired, either 1 per cent, calcium carbonate powder or 0-3 j)er cent, sodium 
bicarbonate was nddc<l to the mcfliurn nnd the pinto incubated in a largo 
sealed jar containing air phis 20 per cent, carbon dioxide; this NallCOj-COj 
system was calculated to buffor at about pH 7-f. All chemical substances 
used were of analytical reagent qualify. Glassware was thoroughly rinsed 
with distilled water on each occasion before use. Agar plates were inoculated 
to give confluent growth with a loopful of a suspension from a 21 -hour nutrient 
agar culture. The plates were incubnfe<l aerobically at 37’ C. for 24 hours. 
Tlio pH of cultures was obson'o<t at room temperature by direct application of 
a gln&s electrode and by adding appropriate indicator dyes. 

For demonstration of nuclear bodies, fairly thick smears wore fi.\'c<l by heat, 
stained for 1-2 minutes with 1 per cent, aqueous methyl violet, rinse<l, blottwl, 
dried nnd mounted in oil ; these smears were not hydrolysed with bydrochlono 
acid. For “ vital staining " in wot fdms, a drop of baoterinl suspension was 
placed on a slide nnd firmly prossctl under a covcrglnss which bore near one 
edge only the dried deposit of n smear of alcoholic methyl violet ; part of the 
film was examined near to, but not directly under, the dye-bearing part of the 
covorglnss. Volutin granules were obser\’od in smears stainetl by Albert s 
method as modified by Lnyboum (1024). Capsules were observed in very 
thin wot India ink films (Rowland, 1014) ; their transverse diameters, including 
the breadth of the bacillus together with the capsular layer on either side of it, 
wore measured with an oycpioco micrometer. Measurements were made in 
parts of the film wliero the organisms were just gripj)c<l between slide nnd 
covorglass, not in the thicker parts wliero they drifted about freely nnd were 
partly overlaid by the ink, nor in the thinnest parts whore capsule sire appeared 
to bo oxaggeratod by flattening. I)rj--filni methods of demonstration were not 
considered suitable for measuromont of capsules on account of the variable nnd 
indotorminato shrinkage which may occur. 

Exferisientai, Observations 

Dcperidence of morphology on composition of medium 

In heat-fixed, methyl violet-stained smeans, not h3’'dro]yscd tvith 
acid, three morphological tjqjes wore distingiiislied : “ normal,” 

“ nuclear ” and “ abnormal ”. On media with relativel3' little carbo- 
hydrate the growths were creamy and opaque and the cells were 
” normal ” : that is, they show'ed uniform staining without evidence 



MOnPIIOWOY OF BACr. AEBOGKKES 


2f)7 


of nuclear bodies nnd possessed sninll capsules. On media \vi(h an 
excess of carbohydrate the growths were mucoid nnd transparent 
and the cells were "nuclear”: that is, they showed darkly stained 
nuclear bodies within pale cytoplasm nnd usually possessed large 
capsules. Tlie term “ intennediate ” was applied to growths containing 
a mixture of “ normal,” " nuclear ” and transitional colls. On certain 
media growth was inhibited nnd consisted of giant pleomorphic cells 
designated “abnormar’. Tables I-III summarise the observations 
made. Each obseia-ation was confirmed in at least three separate 
experiments, in each of which at least four strains were cultured. 
In many of the experiments all 2*1 strains were cultured. 

TA11I.E I 


Morphology of 24-hour ffrouih-"! on media containing carbohydrate and 
peptone tnthout additional buffering agent 


Mcdlura 1 

24‘hour jjrovrth 

Xo. 

Sbcto«c 

(percent.) 

reptone 
(p^T ernt.) 

pH 

Amount 

pH 

Coll morpholojrj' 

Cap«ulc 

diameter 

(microns) 

1 

0 

1 

7-5 


8-5 

normal 

1-H 

o 

0 

0-1 

6*5 


7*5 

»» 

i-li 

3 

0 

001 

00 


C-5 

tr 

Mi 

4 

0 

0 001 

C-0 

db 

6-0 

ft 

Mi 

B 

001 

1 

7-5 

4*4-4* 

8-5 

normal 

Mi 

6 

0-01 

01 

(!-5 

4- 4* 

7-5 

»« 

Mi 

7 

001 

001 

0-0 

-f -f 

5-5 

intermediate 

2-4 

8 

001 

0 001 

6-0 

±-b 

5-0 

nuclear 

3-6 

9 

01 

1 

7-5 

-f -h-f -f 

8-5 

normal 

1-2 

10 

0-1 

01 

6-5 


6-0 

intermediate 

2-4 

11 

0-1 

001 

6-0 

4* 4- “f- 

4-5 

nuclear 

3-G 

12 

1 

1 

7-5 

-f 

7-0 

intermediate 

Ii-4 

13 

1 

0-1 

6-5 


4-5 

nuclear 

3-6 

14 



1 

001 

6-0 

-f-b-f 

: 

4*5 

■ 


3-6 


Citric acid 








(per cent.) 







15 


1 

6-5 

+ + + 

9-0 

normal 

1-Ii 

16 


0-1 

6-0 

4--f- 

8-0 


Mi 

17 


0-01 

6-0 

4*4- 

7*5 

nuclear 

2-4* 

18 

■1 

0-001 

6-0 

-U 

6-5 

tf 

2-4 


±, +, + + etc. denote increasing amounts of gronah. 


The terms used to 
“ normal ” 

“ nuclear ” 

“ abnormal ” 
“ intermediate ” 


describe cel] morphology have the following meanings : 

= uniform staining, no viable nuclei, small capsules. 

= dark nuclei in pale cytoplasm ; capsules usually large. 
= giant and pleomorphic. 

= mixture of normal, nuclear and transitional. 


Carbohydrate-peptone media. Morphology on media containing 
carbohydrate and peptone was " normal ” or “ nuclear ”, depending on 
whether the carbohydrate-peptone ratio .was low or high (table I). 





















Pju-LTn XXXVII 


Fin. 1. — Stmin •! ; 2 lio\irK on nutripiit ogar; ainpar Iiydrolyacd witli arid and stninpii 
witli Gioinaa’a aolutiaii (llobinou-'K inolliod). Xorinnl bacilli atul one filainrntou« 
cell show dark-stain(v] nuclear bodies in weakly slained cytoplfLsin. 

Fin. 2. — Strain -1 : 2-t hnnrs on nutrient agar ; smear stainp<l as in lig. 1. This Hhon"S 
dark -stained nuclear bodies, but less clearly than in the larger cells of the 2-lioiir 
growth. 

Fin. 3. — Strain 3; 2-1 hours on ine<lium H : heat-li.'ced, methyl violet -stained smear. 
“ Nonnnl ’’ bacilli unifonnly stained. 

Fin. -1. — Strain 4 ; 21 hours on medium 13; bent-fixed, methyl violet -stained niieae. 
“ Xuclear " bacilli, showing dark-stained nuclear bodies in pale cytoplasm out- 
lined by stained extracellular material. 

Fio. -I. — Strain 3; 2-1 hours on medium 22; heat-fixed, methyl violet -staincfl smear. 
" Xuclcar " bacilli, showing dark-stained nuclear bodies anil pale cytoplasm but 
no stained extracellular material. 

Fin. 0. — Strain -1; 24 hours on medium 1-1*; heat-lixed, methyl vio!et-.tnined 
smear. “ Xviclear " bacilli, showing dark-stained nuclear bodies and pale cyto- 
plasm but no stained extracellular material. 

Flos. 7 and 8. — Stmin 2 ; 21 hours on medium 12 *-|-l {S'r cent. CaCOj t heat-fixed, 
methyl violet-stained smear. Mostly “ nuelcar ” bacilli, showing dark nuclear 
boibos, pnlo cytoplasm and stained cximeollular material outlining cells and 
forming n median tmnsverso septum in some ; eaeh figure shows two transitional 
colls with faint outlining and dark-stained volutin granules hut not nuclear hodics. 

All figtiri's X37.70 

• Media marked with nn ttHtcrisk contained Jacto-s- ln"I»*ad ofaucrosc. 
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■\ritli 1 per cent. CaCOj rcsiiltccl in growth fiiiluro niul the formation 
of “ abnormal ” sjihorical and oval cells wliich were often very large ; 
growth failure could be avoided if this CaCOa-butTerod pejilonc-deficicnt/ 
medium was either incubated with 20 per cent, carbon dioxide or 
supplemented with phosphate. 

Synthetic jnedia. Peptone could he rejdaced In* a combination 
of phosphate and nmtnonitim sulphate in adequate amounts. In 
such synthetic media, “ normal ” growth was obtained when both 
the carbohydrate-pho-sphatc and the carbohydrate-ammonium .salt 
ratios were low, and “ nuclear ” growth when cither of these ratios 
was high (tables II and III). In the presence of abundant ammonium 

Tabu: III 


Morphology of 2-i-hour growths on media coiitainirig carbohydrate, phosphate 
and ammonium sulphate wilhotit additional buffering agent 


Medium 

21-Iionr urow-lli 

K.. 

Sucrose 

(percent.) 

PhO^pIlAtC 

(percent.) 

Ammonium 
pulpliato 
(per cent.) 

pll 

Amount 

rn 

Cell morpIioloKj- 

Capiule 

diameter 

(microni) 

37 

01 

1 

1 

7-0 

-h-h-h 

7-0 

normal 

1-2 

38 

0-1 

1 

0-1 

7-0 

4*-f 4- 

7-0 

intermodinto 

1-3 

39 

0-1 

1 

0-01 

7-0 

+++ 

7-0 

li-O 

40 

O'l 

1 

0-001 

7-0 

-f 

7-0 

nuclear 

3-0 

41 

O-I 

I 

0-0001 

7-0 

-f 

7-0 

»» 

3-6 

42 

0-1 

0-01 

1 

0-5 

4- 


abnormal 

small 

43 

0-1 

001 

0-1 


4- 




44 

0-1 

0-01 

0-01 

6*5 

+ 




45 

0-1 

0-01 . 

0-001 

G-5 

i + + 


nuclear 

3-7 

46 

0-1 

001 

0-0001 

6-5 

± + 


>> 

3-7 

47 

mm 

0-1 

0-1 

7-0 

+ + + 

6-0 

normal 

1-3 

43 

■ EB 

001 

0-1 

6-5 

-f 

4-0 

abnormal 

small 

48 

0-1 

0-001 

0-1 

0-0 

4- 

4-0 


49 

0-1 

0-0001 

0-1 

0-0 

±-f 


nuclear 

1-4 

B 

0-1 

0-00001 

0-1 

6-0 

+ 


t* 

2-5 

■ 



51 

1 

0-01 

0-1 

6'5 

++ 

8-5 

normal 

1-U 

l-2i 

li-5 

lJ-5 

o2 

53 

1 

1 

0-001 

0-0001 

0-1 

0-1 

6-0 

6-0 

4-4- 

4-4- 

8-0 

7-0 

y> 

nuclear 

54 

1 

0-00001 

0-1 

6-0 

-f 

6-5 

„ 

51 

55 

1 

0-01 

0-1 

6-5 

++ 

8-5 

normal 

1-lJ 

1-U 

li-4‘ 

li-4 

1 

0-01 

0-01 

6-5 

4- 4- 

8-0 

66 

57 

1 

0-01 

0-001 

6-5 

++ 

7-0 

nuclear 

1 

0-01 

0-0001 

6-5 

+ 

6-5 

tf 


sidphate, morphology was “ normal ” with sucrose-phosphate ratios 
ot 1 to 10, 1 to 1 and 10 to 1, " intermediate ” with a ratio of 100 to 1 
and nuclear ” with ratios of 1000 to 1, 10,000 to 1 and 100,000 to l’ 
in the presence of abundant phosphate, morphology was “ normal ’’ 
■With sucrose-ammonium sulphate ratios of 1 to 10 and 1 to 1 “ inter- 

J. JAIH. BACrr. — ^VOL. IX 


















270 


J. r. DUGUID 


mediate” with n ratio of 10 to 1, and "nuclear” wth ratios of 
100 to 1, 1000 to 1 and 10,000 to 1. Syntlietic media containing citric 
acid gave similar results, 1 per cent, citric acid being equivalent to 
O-Ol-O'l per cent. sucro.so (table III : media r>l-.”)7). 

The reaction of the sucro‘:c-containing .synthetic media could bo 
maintained at about neutrality by the addition of the NaHCOj-CO. 
system, of 1 per cent, phosphate or of 1 per cent. CaCOa. The XaHCOa* 
COn sj’stem was the boat and most gcncralh' applicable buffer, allowing 
good growth on media of every composition. One per cent, phosphate 
was a satisfactory buffer in tests on variation in ammonium salt 
content of medium, Oilcium carbonate proved a satisfactory buffer 
for media containing more than the smalle.st amount of pho.sphatc. 
However, the addition of 1 per cent. CnCOa to riicdia containing only 
0-00001 or 0-0001 per cent, added phosphate resulted in growth 
failure and formation of " abnormal ” cells, giant spheres and ovoids 
(fig. 19). Similar inhibition of growth in pliosphatc-deficient media 
was caused by the addition of .small amounts (e.g. 0-01 per cent.) 
of sodium hydro.xidc or sodium bicarbonate, giving a pH of 7-O-S-O. 
Such inhibition of growth could be prevented by incubation in 
20 per cent, carbon dio.xide. 

Sucrose-containing synthetic media without added buffer gave 
growths similar to those on the corre.s' 2 )onding buffered media only 
when their phosphate content was sufficient (0-1-1 per cent., as in 
media 38 and 47), or when growth and acid production were greatly 
limited by deficiency of phosphate or ammonium sulphate (media 
45, 46, 49 and 60). Apart from those cases, acidity became so great 
in the unbuffered sjmthetic media (media 42, 43, 44 and 48 ; final pH 
about 4-0) that onl}' scanty " abnormal ” growths were obtained ; 
these consisted mainly of long bacilli with numerous volutin granules 
and a few filaments showing brandling, spindle-shaped swellings or 
protoplasmic protrusions (fig. 21) ; some of the latter forms Avere 
identical Arith the zygospore-like " megalomorphs ” of Wahlin and 
Almaden (1939). Numerous megalomorphs Avero produced by all 
24 Bad. aerogenes strains AA-lien cultured for 2-6 da 3 ’s in tlie liquid 
media of Wahlin and Almaden (figs. 20 and 22). When these liquid 
media were buffered Avith 1 per cent. CaCOa or 1 per cent, phosphate, 
groAvth was heavier and megalomorphs Avero not formed, AA-hich leads 
to the conclusion that megalomorphs are involution forms produced 
as a result of an unfavourably acid reaction. 


Cylological observations 

“ Nuclear ” bacilli. In heat-fixed, method violet-stained smears 
"nuclear” bacilli shoAved one or tAvo centrally placed, dark-blue 
stained nuclear bodies within very weakly stained cytoplasm ; the 
cytoplasm Avas usually surrounded and outlined by red-violet stained 
extracellular material, probably capsular (figs. 4-8). 




Pr.ATn xxxwrr 

Fia. 9. — Strain 3 : 24 iioura on inMliiim 9 ; unfixed wet film with India ink. " Norinal " 
bacilli with fimnll cnpiiilos. 

Fig. 10. — Strain 3; 24 bourn on medium 13 •-f-1 I’er rent. CnCOj ; unfixed wet 
film with India ink. “ Nuclear ” bacilli with InrRO rniMiilM. 

Fio. 11. — Strain 3; 24 houra on medium 13; unfixed wet film “vitally” Htaine<l 
■with methyl violet. “Nuclear” bacilli completely iiui'^ked by heavily ntained 
extracellular material. 

Fig. 12. — Same fihn as in fig. 1 1, with (mbser|ucnt addition of India ink. Kxtmeellular 
material now decolourised ; eupsules outlined by ink art* bigger than atuined 
extracelhdnr zones in fig. 11. 

Fig. 13. — Strain 23 ; 24 houra on medium 4.'i-}-l pt'r cent. CaCO, ; unfixed wet film 
"vitally” stained with methyl violet. “Nuclear" bacilli exposed for n few 
minutes to high dye concentration lira masked by heavily ntnined extracellular 
material. 

Fig. 14. — Strain 19; 24 hours on medium d.’id-l per cent. CaCO,; unfixetl wet film 
"vitally” stained with methyl violet. "Nuclear" bacilli oxposeil to lower dyo 
concentration than those in fig. 13, showing uniformly stained protoplasm and 
weekly stained extracellular structure. 

Figs, IB and 10. — Strain 3; 24 hours on medium 14; unfixed wot fihn "vitally" 
stained with methyl violet. “Nuclear” bacilli exposed for 3 hours to low dyo 
concentration, showing dnrk-.stnined nuclear bodies in jialcr cytoplasm ; extra- 
cellular material is scon weakly stnineil in fig. IB, but not stained in fig. 10. 

All figures x 3750 

* Media marked witli an astcrlak contained lactose Instead of suerne. 
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Because the “ nuclear bodies ” seen in dried and heat-fixed smears 
might be artefacts due to shrinkage, much importence vras attached 
to their demonstration in unfixed wet films “ vitally-stained ” with 
methyl violet. This was achieved for cultures on various media 
(media 13, 14, 17, 22 and 40), but not readily and not regularly. When 
the cells were first exposed to the dye a very heavj’^ staining of the 
extracellular material completely masked the internal structures 
(figs. 11 and 13). However, after some minutes or hours had elapsed 
a few cells were usually found, distant from the dye-bearing part 
of the coverglass, wliich possessed unstained or weakly stained extra- 
cellular material and showed dark-stained nuclear bodies in weakly 
stained cjdoplasm (figs. 15 and 16) ; in addition, there were many 
munasked bacilli which showed uniformly stained protoplasm 
(fig. 14). 

The “ vital ’’-staining method showed clearly the location of the 
stainable extracellular material. While still unstained the baciUi 
showed a refractile outUne, presumably the “ cytoplasmic membrane ” 
of Knaysi (1946) ; the capsules were invisible. As the methyl violet 
reached the cells it was seen to cause rapid and heavy staining of a 
hitherto invisible structure which was external to the cytoplasmic 
membrane. The stained extracellular structure had a smooth or 
spiky outline, and a transverse diameter usually from li to 4 microns. 
Although presumably capsular, it did not correspond to the whole 
capsule. If India ink was added to the edge of a methyl violet-stained 
wet film, it could be observed diffusing in, decolourising the stained 
structures and outlining the capsules ; the capsules were clearly bigger 
than the stainable extracellular structures of the same cells, for 
instance 4-5 microns broad as compared with li microns (cf. fie. 11 
with fig. 12). 


Unfiixed wet films with India ink showed that unusually large 
capsules were formed by aU twenty-four strains of Bact. aerogenes on 
aU the media shown in the tables as giving “ nuclear ” growth. 
Capsules were largest on the peptone media with high sucrose content 
and on ammonium salt-deficient sucrose synthetic media. Different 
cells ranged in breadth from 3 to 7 microns, but were mostly from 
4 to 5 microns broad. Capsules were smaller, 2-5 microns, on the 
phosphate-deficient sucrose synthetic media, especially when un- 
buffered, and on the citric acid media. There was surprisingly little 
variation in capsule , size between different strains ; two strains 


regularly formed smaller capsules than the others. Where the Tndig. 
ink happened to flow past stationary bacilli, a gradual disintegration 
of the capsules co\ild be seen ; strands of capsular material were 
dra^sm out, became detached and drifted away. The outhning by ink 
particles of even the finest of these strands shows that the ink particles 
must closely abut on the capsular substance and are not repelled to 

physical forces as suggested by Sokhey 
(1940). In Albert-stained smears the nuclear bodies took up the 
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green dj'c and only rarely stained inctaehronmtically ; they thus 
appeared not to bo volutin granules. 

The “ nuclear ” cells were not involution forms ; they were fully 
viable. “ Nuclear ” bacilli from a 24-hour culture on ] per cent. 
BUgar-O-l per cent, peptone medium were inoculated on to a nutrient 
agar block and observed with an incubated microscope. Almost all 
these bacilli showed rapid growth ; increase in coll size was apparent 
and the first division was often completed within two hours. The 
moqfiiology of subcultures of “ nuclear ” bacilli on nutrient (meat 
extract and peptone) agar was observed. Methyl violet-stained 
smears showed that within 2 or 3 hours of subculture the c,vtoplasm 
became strongly stained so that the nuclear bodies were masked and 
“ normal ” morphology assumed. Albert -stained smears showed that 
in certain cases deposition of volutin played a part in this morphological 
transition. When “ miclear ” bacilli from a phosphate-deficient 
S5Tithetic medium (media 22, 49 and r>.3) were subculturcd on nutrient 
agar, metachromatic material was rapidly deposited about the nuclear 
bodies. Within half an hour most bacilli showed 1-4 metachromatic 
granules. After about .3 hours those disappeared. In contrast, 
“nuclear” cells from sjTithotic media containing little ammonium 
sulphate but abundant phosi^hatc (media 20, 40, 45 and 56) did not 
deposit volutin when subculturcd. 

“ Normal ” bacilli. In heat-fixed, methyl violet-stained smears 
“ normal ” bacilli showed intense uniform staining (fig. 3), or bipolar 
and peripheral staining ; nuclear bodies could not be distinguished 
within them ; the capsular material was unstained and in\d.sible. 
Wlien “ normal ” bacilli were stained after liydrolysis (Robinow’s 
method) thej’ showed difibrentiation of nuclear l)odies (figs. 1 and 2). 
In unfixed wet films “ vitally ” stained with methyl violet, “ normal ” 
bacilli stained at first only lightly and only at the periplicr}' (fig. H)- 
The peripheral staining layer appeared to be just external to the 
cytoplasmic membrane and equivalent to the much broader capsular 
staining zone observed in “ nuclear ” bacilli. On longer exposure 
to the dye the bacilli came to stain darkly and uniformly ; only rarely 
was there apparent differentiation of nuclear bodies (fig. IS). Unfixed 
wet films with India inlc showed that the capsules of “ normal ” 
bacilli were much smaller, mainly about li microns in diameter, than 
those of “ nuclear ” bacilli (c/. figs. 9 and 10). In Albert-stained smears 
“ normal ” bacilli did not show volutin granules. 

Discussion 

The intracellular bodies demonstrated in ordinar 3 ’- stained smears 
of Bact. aerogenes gro^vn on media of high carbohydrate content 
seem to be identical with the nuclear bodies described by Robinow 
(1941-42) and others 'as being present in many common bacteria. The 
nuclear nature of the bodies now observed is borne out by their liigh 




Plati: XX>^;X 


Flos. 17 nnd 18. — Strnin 3; 2( hours on inediiirn 1 ; unfixfsl wet films “ viloHy " 
Btnined with inotliyl violet ; “nonmd ” Iwcilli. Fij;. 17 hIiowk periphernl Ktnining 
given after n few minute.s' cxponure to the ilye. Fig. IS kIioh-s infciiBO unifonn 
.staining given after longer exposure () hour) ; also in two cells at extreme left 
and in one at right nitle apparent diffen'ntiatlon of nuclear bodies. 

Fio. 10. — Strnin 21 ; 2-1 hours on medium 404-1 jv>r cent. C'aCOj : unfixed tret film 
“vitally" Btnined with methyl violet; “abnormal” npherieal and irregularly 
shaped giant cells. 

Fig. 20. — Strain 4; 4 days in the 1 per cent, glycerol lifjuid synthetic metlitim of 
■Wahlin nnd Almndcn ; smenrs hydrolysed with acid and stained with Giemsa's 
Bolution (Itobinow’fl method) ; “ nbtionnal " filamentous cells, including one 

with a upindlo-ahapod Bwclling containing timgletl Bt rands of nuclear material. 

Fig. 21. — Strnin 4 ; 24 hours on medium 43 ; unfixesj wet film “ vitally ” stainctl 
with methyl violet ; “ abnormal ” cells, filamentous mid branching. 

Fig. 22. — Strnin 4 ; 4 daj-B in the 1 per cent, glycerol liquid Bynthefio medium of 
Wahlin nnd Alraadon, Bupplemonted with 0-1 per cent, peptone and O-l per cent, 
meat extract ; heat -fixed, methyl violel-Btnined smear ; “ nlmonnal ” filamentous 
colls containing volutin granules ; one filament hears a Bpiiidle-sliajS'd swelling- 

All figures x37r)0 

• MnlLs in-irkcd wltli nn nstertsk contained lnrto«c In'tc.ad ofsucrosr. 
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affinity for basic dyes, their position in the cell and their constant 
presence in all cells of a culture ; they are not volutin granules since 
they do not give the metaclrcomatic staining reaction ; they are not 
shrinkage artefacts since they may be seen in unfixed -wet films 
“ vitally ” stained ; they do not represent the slirunken protoplasm 
of degenerate or plasmolysed cells since on subculture the cells 
reproduce rapidly and normally. Knaysi and Baker explained the 
unmasking of nuclear bodies in Bacilhis mycoides grovm in a nitrogen- 
free medium as being due to exhaustion of the intensely staining 
cytoplasmic ribonucleic acid. A similar explanation possibly applies 
in the present studies of Bad. aerogenes, a deficiency of either phosphate 
or nitrogenous nutrient preventing accumulation of ribonucleic acid 
in the cjdoplasm. 

The observations of Hoogerheide that capsule formation by Bad. 
friedlanderi depends upon the presence of carbohydrate and that 
capsules are larger when growth is limited by deficiency of phosphate 
are paralleled by the present findings. Moreover, I found that a 
deficiency of nitrogenous nutrient has the same effect as a deficiency 
of phosphate in causing the formation of large capsules and I suggest 
that any nutritional deficiency capable of arresting growth before the 
available carbohydrate is exhausted in meeting energy requirements 
will, by conserving carbohydrate for synthesis of polysaccharide, lead 
to the formation of large capsules. 

Summary 

The ceU morphology of Bad. aerogenes was profoundly influenced 
by the nutrient balance and pH of the culture medimn. Cells of an 
rmusual type were formed in growths on media containing little 
peptone and much carbohydrate and in growths on synthetic media 
which were deficient in either phosphate or ammonium salt in relation 
to their carbohydrate content. These cells possessed exceptionally 
large capsules and in smears stained by ordinary methods showed 
deeply stained nuclear bodies within weakly stained C3rtoplasm. "When 
subcultured on nutrient agar the “ nuclear ” ceUs grew and multiplied 
rapidly, becoming transformed within a few hours into tmiformly 
staining cells of the “ normal ” type. Growth was inhibited and 
pleomorphic giant cells were formed rmder two different conditions, 
namely when a highly acid reaction developed and when a phosphate- 
deficient medium was rendered slightly alkaline. 

I \rali to thank Professor T. J . Mackie for the interest he has shown in this 
investigation, and Dr H. K. King for his advice on chemical problems. 
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FUNCTION AND ARRANGEMENT OF 
BACTERIAL FLAGELLA 


T. Y. ItooMA Boltjes 

From the Laboratory for General and Applied Microbiology, 
Amsterdam 


(Plates XL-XLVH) 

Iir 1838 Ehrenberg observed that some large bacteria, for example 
Ilonas {Chromatium) olcenii, moved by means of flagella. The same 
vas observed by Cohn (1872) for Spirillum volutans, by Koch (1877) 
for Spirillum undula and by Migula (1897) also for Spirillum vohiians. 
The flagella of living bacteria, however, were seldom visible until 
Zettnow, Loeffler and others successfully stained them, when it became 
evident that only motile bacteria possessed flagella and that the 
arrangement of flagella could be polar or peritrichous. Later, dark-field 
illumination made it possible to study the flagella of some living 
bacteria, as was first done by Reichert (1909) and later by Neumann 
(1925, 1928) and NeumuUer (1927). 

Flagella had thus come to be generally accepted as organs of 
bacterial motility when Pijper (1946, 1947) surprisingly stated his 
belief (reviving the old theory of van Tieghem, 1879) that flageUa 
were not organs of locomotion, but only artefacts — useless appendages, 
polysaccharide twirls — ^the result, not the cause, of bacterial motility. 
My intention is to argue that the facts are against Pijper’s view and 
I propose to challenge also his assertion (Pijper, 1930, 1931-32) that 
peritrichous flagellation does not exist, but that flageUa are artefacts 
of the staining methods employed, and not, therefore, of any use for 
purposes of taxonomy. Pietschmann (1941-42) and others have also 
doubted the value of flagellar stains for the systematic classification 
of bacteria. 


Technicai. methods 

The light sovtree for this investigation was a Philips water-cooled, super- 
high-tension mercury lamp, S.P. 500 W, which is ideal for this type of work, 
because it does not need attention like a carbon arc lamp and gives a stronger 
light without heat rays. The intensity used was probably not much lower 
than in Pijper’s work. With a magnification of 110 (objective used without 
ocular) photographs could be taken with an exposure of 1/5 second. Fig. 1, 
for example, was so taken and afterwards enlarged 9 times. 1/25 second was 
a little too short an exposure. The optics used were a Zeiss cardioid condenser 
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oncl Zeiss npocliromnt X 00. For direct observation a Zeias binocular Bitukni 
was used, will Xl5 oculars. Tlio camera was a Zeiss “Jliflcx" 0x9 cm. 
Stained preparations were pliotopraphed with a Zeiss fluorite A l‘3xl00 and 
compensating ocular x20, enlargement x 1000, tbo light source being a Philips 
high-tension mercury lamp PII 300 and wavelength 30.'i p/t (Boltjes, 1940). 

To slow down tho movement of the micro-organisms and make tho flagella 
visible, tho spirilla were suspended in a 10 per cent. neutmlLsed solution of 
gum nrabic or gelatin and tho bacteria in 2-5 per cent, solutions of these 
substances. Tho solutions %vcro freed from colloidal particles by filtration 
through Seitz discs. 

Staining was done with tho Peppier monlant and tho Zottnow silver othyl- 
nmino solution. Tho mordant is preparc<l by dissolving 20 g. of tannin in 
80 ml. of water, to which is added, with continuous stirring, 15 ml. of a 2-5 per 
cent, solution of chromic acid in water. Before 0=0 tho mordant is kept for 
7 days at 20^ C. Tho Zottnow silver ethylamine solution is proparo<l by dissolving 
0'15 g. of AgSOj in GO ml. of water and adding ethylamine, with continuous 
stirring, until tho precipitate forme<l Ls just dissolve<l. Films of the bacterial 
suspension are made on freshly annealwl coverslips, fi.vc<l by heat, flooded 
with tho filtered mordant and gently hcatcrl. After 10-15 minutes tho mordant 
is washed off and tho preparation dric<l and floodctl with tho silver ethylamine. 
This is healed till steaming and after 1-2 minutes washed off and tho preparation 
dried. 


EXPEirotENTAL OBSnnVATTOKS 

The organi.sras studied were Spirillum serpens, Proteus mirabilis 
and Salmonella iypM. 

Spirillum serpens 

I started with tlic spirillum because Pijpor maintained that bacteria 
move, not by mean.s of their flagella, but bccau.so their bodies make 
a g 3 Tatory undulatorj' movement or a spiral or screw-like motion. 
He was therefore of the opinion that bacteria should not be considered 
as rods but as spirals or, better, as helices. But one glance through 
the microscope reveals immediately’, if one fi.ves attention on spirilla 
wliich have somehow stuck to tho covcrglass, that their flagella cannot 
be dead structures — mere artefacts or tho result of tho movement of 
tho spirilla, for tho flagella are turning, whijiping and bonding back- 
wards and fonvards at a speed and in a way’ that could never be 
caused by cun-onts in the preparation. Migula (1897, p. Ill) also 
had no doubt that Spirillum volutans is moved forward by’ its tail. 
In fig. 2 the moving flagella are seen as elongated loops. The 
observer gains the impression that tho organism knows it has flagella 
and understands how’ to use them. 

Loolung at Proteus one does not get tho same impression. Here 
the flagella always turn stubbornly’ to the right, and to change direction 
the whole apparatus is brought backward or forward. When tho 
organism sticks, the flagella go on turning, but aimlessly and without 
co-ordination, perhaps because the organism usually consists of 
more than one individual, and they fail to co-ordinate their movements. 
If, however, they are swimming free in a very long train they’ work 
together in a way not unlilce that of a rowing crew. 
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It is not easj" to identify the tj^pe of movement shown by the 
flagella of spirilla. It seems to be a double movement— a spiral 
combined with a lashing movement. It is certain, however, that the 
flagella can turn to the left and to the right. When the spirillum 
swims, the forward flagellum is usually bent backwards but sometimes 
it is stretched forwards. The moving spirillum can reverse very 
quickly, and in tliis process the forward flagellum is stretched out 
straight, wliile the other is bent backwards. 

The body of a stranded spirillum is clearly rigid and makes no 
motion at all, as it should do if the motility "was produced in the 
way described by Pijper ; only the flagella are working ^^gorously. 
When two organisms stick together, they remain in this position : — 

, and never come into this position : — ’ 

which would be expected if their bodies made spiral motions, since 
this would be the best way to get rid of each other. From this it 
win be clear that the body of the spirillum does not make any 
movement. 

The following observations show that the flageUa are really 
propelling the spirillum forward. Often the spirilla turn quickly 

around an axis parallel to that of the microscope tube : — 

This movement cannot be made without flagella. Once I saw a very 
long spirillum which was bent double. Yet it was quietly swimming 

about thus ; — . This was one organism, for after some 

time it suddenly snapped straight. If the movement of the spirillum 
was caused by a spiral motion of the body, the bent spirillum could 
never move forward, because the motion of one half would oppose 
that of the other half. Also, I have often observed that cliunps of 
spirilla could swim across the field of the microscope without a single 
body making a spiral movement. Such clumps can move only by the 
movement of the flagella. 

Reichert (1909), who also studied the spirilla, said that the spirilla 
are left-handed and the flagella right-handed spirals. He and Biitschli 
(1883-87) were quite right in saying that if the flagella made a right- 
hand motion, a left-handed spiral body would support their movement. 
However, I could not confirm that the spmUa are left-handed spirals. 
I have already mentioned that the flagella can turn to the right and 
to the left, and only this can explain how a spirillum may move 
forward without turning about its axis ; and also the fact that spirilla 
often change the direction of turning without reversing the direction 
m which they swim, a phenomenon observed by others in the laboratory 
brides myself. It was too difficult to make out if the spirilla were 
left- or right-handed spirals, but my opinion is that there were as many 
left- as nght-handed spirilla. 
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Proteus mlrabllls 

The strong illurainntion of the dark field seemed to do very little 
harm to the spirilla. They could he oh.scrvcd for quite a long time 
before they became lc.«s motile. Proteus on the other hand was rather 
sensitive to strong light. When it entered the light .spot of the dark 
field the motion was often retarded immediately, and in a gum arabic 
solution the bacteria soon came to rest, with only the flagella turning 
slowly round. Soon this motion also .slopped. When a glass cell with 
a solution of aurantia (5-10 mg./lOO ml. water) was placed before the 
light source the flagella began to revolve again within a short time, 
firet slowlj', but graduall}- gathering .speed and the bacteria moved 
on again. If the filter was pulled away the motion stopped immediately, 
and after its replacement the motion started again. This could be 
repeated 5-10 times. 

When the bacteria swam in gelatin, the harmful ofTcct of the 
illumination was much smaller. Tin's c.vperimcnt clearly shows that 
the spiral movement of the flagella cannot bo cau.^ed by currents, 
that the bacterium i.s propelled fonvard by the flagella and, therefore, 
that the flagella are really organs of locomotion. 

Fig. 1 shows a train of Proteus cells in full movement in a 5 per cent, 
solution of gelatin. The flagella lie clo.se to the body and arc therefore 
difficult to see. Only at the rear end can the flagella be seen clearly. 
In most cases there arc two, as i.s sliomi hero, but there maj’ be throe. 
Looking at the posterior flagella one scc.s that the body of the bacterium 
is rotating slowly around its axis to the right or to the loft. Often 
the rotation is suddcnl 3 ' reversed, and it also happens that tho rotation 
is not completed, so that tho bacterium swings around it.s axis from 
right to loft. It is ver^* clear that the body itself does not contribute 
to the movement. 

I had just finished the first draft of this manuscript when mj' 
attention was drawn to an article bj- Orskov (1917), in which ho 
described a ver^' elegant method of demonstrating the activitj' of 
Proteus. An ordinary" nutrient agar plate with 1-2 per cent, agar is 
inoculated ndth Proteus and incubated for a few hours at 30° C. 
As soon as tho bacteria begin to swarm, small pieces of agar with 
the bacteria in position are cut out and put on a slide. A covcrglass 
on which a drop of filtered India ink is spread out with another 
coverglass is dropped on the piece of agar. Tho bacteria in some 
parts of the preparation can then be seen to trace a cloarty visible 
path through the India ink. With an oil-immorsion lens it can bo seen 
that the small inlc particles are swept to tho rear and sometimes there 
is a faint glittering along the bacteria. Especiallj’- at the posterior 
end of the bacterium the inlc particles are obviouslj’^ in a strong current. 
The flagella themselves cannot bo seen, but thej’- are clearlj’- the cause 
of this current. This is shown when the bacteria remain on tho same 
spot ; the particles are still in lively motion and after some time the 
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flagella have swept a clear field around the bacterium (fig. 33). The 
other lines on the picture are the paths drawn by the bacteria. I 
observed that if one makes the preparation in the way described one 
has to wait rather a long time before the bacteria stop, but if the 
agar is first flooded with a 0'2 per cent, solution of methylene blue 
the result sho^vn in fig. 33 appears witliin a few minutes. 

Salmonella typhl 

The flagella ofSalm. iyphi move in the same way as those of Proteus. 
The motion of these two bacteria is also ver}’’ much alike, but Salm. 
iypJii waggles a little more than Proteus. Curiously, typhoid bacilh 
seem to have some difficulty in passing each other and I could not make 
out the cause of this phenomenon, which was not observed with the 
spirflla or Proteus. I also observed that dying typhoid bacilh form 
clumps, which the other bacteria do not. It was clear that the flagella 
are organs of motion and that the body itself does not initiate 
movement. 

DiSCUSSHOK of PiJFER’S ABGTJJ(IE^■TS IX THE LIGHT OF 
THESE OBSERVATIONS 

1. Pijper observes that none of the electron-microscope pictures 
show flagella as connected with the iimer part of the cell or as traversing 
the cell wall. At the time he wrote, this was indeed true ; but the 
fine photographs of van Iterson (figs. 40-42) show in such a convincing 
way * the true nature of the flagella that this argument has lost its 
value. 

It seems to me that Pijper overrates the value of dark-ground 
microscopy. By its contrast effect it may reveal small particles which 
are overlooked in the light field, but it should be kept in mind that the 
resolving power is not increased. Further, it is of importance to know, 
as Rayleigh computed, that the intensity of the scattered light is 
proportional to the quadrate of the volume. For a sphere, the intensity 
is proportional to the sixth power of the radius. It is also clear that 
the visibility rapidly diminishes with the size of the object. One 
would think, perhaps, that increasing the intensity of the light source 
would very much enlarge the power of the dark-field filumination, 
hut this has also the effect of rendering the backgromd less dark. 
In addition, large particles radiate much more strongly, so that contrast 
diminishes and small objects remain invisible. 

2. Pijper (1946, p. 330) writes : “ The only place left where 
flagellar appendages can originate is the slime layer ” and : “ This 
would explain why in stained preparations there is so frequently a 
gap between cell wall and flagella ”. Pijper illustrates his point of 
view with an acceptable sketch of a spirillum with long slimy capsule 


* Conn and Elrod (1947) also find these electron photomicrographs very convincing. 
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material, but it is inconceivable that slimy material on a Proteus 
might cvcntunlh' arrange itself along the full length of the body in 
such neat spirals ns the flagella of this bacterium ; therefore this 
explanation of the origin of the flagella cannot be accepted. 

It is possible to give another explanation of the gap between the 
bacterium and the flagella. The gap arises if, during the drying process, 
the flagella stick to the covcrglnss so soon that they are torn off from 
the bacterium when it shrinks. Since the bacterium shrinks more in 
length than in breadth, it is natural that separation should occur 
more readily and is better seen with polar than with peritrichous 
flagella (fig. o), which seldom .separate. If a slime layer were the 
cause of this separation, the gap would bo observed with the same 
frequency for peritrichous and polar flagella, and would be of about 
the same size in each case. 

3. The flagella and the slime layer have similar staining reactions. 
This is ccrtainlj’ true, for it is obvious that flagellar stains arc not 
in the least specific. This is the reason why .slime material has 
sometimes been looked upon ns flagella. Pijpcr (194C) even .says 
that there is a significant confusion among mucous threads, slime and 
flagella, and concludes fromlhis that all flagella are only slimy artefacts. 
But this conclusion Ls wrong, for it is sometimes possible to recognise 
pseudo-flngclln {c.g, Thjotta and Ku.ss, 1910) and there is sometimes 
a nude difference between them and true flagella. For instance, 
nobody wovild mistake the threads of capsule material soractiincs 
formed bj”^ Nitrosomonns (Boltjcs, 1935) for the flagella of this 
organism, wliile fig. 27, of Hyphomicrobium viilgarc (Boltjes, 1930), 
shows clearlj’^ wliich are the flagella and wliich are not. 

4. Pijper is of the opinion that there is only a superficial similarity 
between animal and bacterial flagella and that there is therefore no 
reason to accept bacterial flagella as organs of locomotion. In this 
connection it is worth noting an observ’ation of Neumann (1925), 
which I can confirm, that Proteus, like Paramoecium, can shoot off 
its flagella while the body of the organism remains intact. Tliis 
explosion is a very curious sight : the shot-off flagella, because of 
their spiral shape, are quickly revohing and look like minute spirilla, 
and they may even traverse nearly the entire field of the microscope. 
In my opinion tliis proves that the similarity is more than superficial, 
and it also shows that the flagella cannot be the fringe of sUmy capsule 
material, since tliis could not be throwm off without disniption of the 
whole cell. And the cell does not explode. 

6. Pijper says that his cinemicrograpliic pictures show clearly 
that the body makes a spiral motion. If this were true, it would bo 
the crucial argument ; but we shall see that this is not the case. 
According to Pijper both spirillum and bacterium move forward by 
a gyratory undulatory movement, so that they move in the same way 
as the flagella of Proteus. An acceptable explanation of the mechanism 
of flagellar action has already been given by Biitschli (1883-87) and 
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Reicliert (1909). Biitsclili supposes tliat a contraction passes along 
as ■well as around the flagellum. To observe the rotation of the body, 
a small particle — a bacterium for instance — must be attached to it. 
When tliis observation was made, it appeared tliat the body of 
the spirillum al'ways turned in the same direction as the observed 
apparent spiral movement, ■u’hich proves that the bodj'^ of the 
spirillum is a rigid body turning around its axis and propelled by 
its flagella. Pijper’s film (Pijper, 1946, fig. 20) also shows that the 
body of the bacterium itself does not move, for if the bacterium were 
making a spiral movement, the bend caused by the passing circulating 
wave would not remain in the same place on the bacterium, but 
would move along it. Pijper’s picture shows clearly that the bend 
remains always in the same place and therefore it cannot prove that 
the bacteria are maldng a spiral motion. From this it is also clear 
that we must still consider the bacterial body as rigid, and conclude 
that it moves only by the action of its flagella. 

6. Pijper says ti^y that flagella are not essential for motility, 
but it seems strange to compare the slow creeping motion of, for 
instance, blue algae, diatoms, Beggiatoa alba and Myxobacteriales 
■with the rapid motion of the free-s^wimming bacteria. It seems 
unlikely that a mechanism similar to that of the creeping organisms 
would ever enable anything to swim as quickly as bacteria, hligula 
(1897, p. 110) is of the same opinion. 

7. In fig. 34 of his paper Pijper (1946) gives a sketch of a typhoid 
baciDus mo'ping forward -with its axis perpendicular ■to the direction 
in which it s-wims. Typhoid bacUli often do s^wim in this way, but 
it is impossible that a bacterium moving forward bj’' a spiral motion 
of its body should be able to do so. With flagella as organs of loco- 
motion, however, this movement is quite possible. 

8. Pijper (1946, p. 334) writes ; — “ The argument that it is stfll 
the tail that pro'vides the motion and, in doing so, makes the body 
rotate and und^ulate, does not bear analysis. The thin feeble tail 
can hardly have enough power to bend and curve the rigid cell wall 
■to the extent seen and photographed by me ”. I can agree -with Pijper 
that flagella -wiU never have power enough to bend a bacterium such 
as he has photographed, but this is no argument that flagella are 
not organs of locomotion or are perhaps too weak for this purpose. 
However thin flagella may be, they are — either alone or combined 
in a tail — ^mechanically rigid enough to propel a bacterium. Their 
behaviour when shot off shows clearly that they are verj’- rigid. In 
the dark field one may see how the lost flagellum can be brought into 
motion by the Brownian movement of a small particle If a bend of 
the tail is hit bj’- a particle, the force may be great enough to make 
the flagellum rotate, so that it moves over a short distance like a 
small spirillum. The way in which a flagellum is pushed aside by 
snimming bacteria also shows that they are rigid. If Pijper had 
been right in saying that flagella are only slime tails, we should not 
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expect such rigidity. This ohservution, therefore, also disproves 
Pijper’s theory. I think that these thin threads arc much stronger 
than one niiglit suppose. I once tried to cut with a fine glass needle 
the sub-microscopical threads of H3'phomicrohium, thinking that 
tliis could easily' be done, but it proved ver^' diflicult. 

I also cannot see WI13’ the bend observed b3’ Pijpor must needs 
be caused 1)3' the direct force of the flagella, since non-motilc bacteria 
also arc often bent. If a bend is present and we admit that tlie 
flagella have not power enough to bend the bacterium, we cannot 
therefore sn3' that flagella are not orgaiis of locomotion. It is quite 
possible that the force of the flagella has n more indirect influence, 
their motion exerting a constant stress on the bod3' of the bacterium 
so that it grows out curved. With ])olar flagella rotation is much 
more rapid than with peritrichous, and the stress exerted on the 
bod3’ will be greater. Further, the force of polar flagella is applied 
onh' to the end of the bacterium ; that of peritrichous flagella is 
more equalh' distributed over the body. If it is true that the strain 
exerted by polar flagella Is the greater, this might explain the frequent 
association of polar flagella and bent forms — vibrios and spirilla — 
and would .support nn* view that we must distinguish i)olnr from 
peritrichous flagella, nn idea disputed by Pijper and b3' Pietsclunanii. 

It is clear that not one of Pijper’.s arguments can be reconciled 
with m3’ ob.soryations and his ideas arc also ojiposcd bN’ the following 
considerations : — 

1. On Pijper’s thcoiy it is impossible to explain the swimming 
motion of sarciiuc such as Sarciim arcce, which swims verN’ well. 
Such a packet of bacteria can swim onl3’ 1)3' means of flagella. The 
same remark is made 1)3’ Conn and Elrod. 

2. The livel3’ movements of Ilyphomicrobiiim vidgarc when it 
tries to free itself from the mother cell is possible 01113* with the aid 
of flagella. 

3 . The same mn3’ be said of SpJucrotUus naians, which also makes 
lively movements when it tries to escape from the end of the sheath. 
Tho bod3’ of tliis organism (fig. 21) seems to mo quite unsuited to 
the making of siiiral movements and this is true of nil coccoid 
bacteria. 

4 . It is well known that onl3* motile t3’phoid bacilli haA’o H antigen, 
which is located in the flagella or, according to Pijpor, in tho slime 
capsule. This argument ivould lead to the strange conclusion that 
bacteria encumbered Avith a capsule arc motile and that onh’ those 
Avithout capsules are non-motile. In m3’ opinion there cannot be the 
least doubt that bacterial flagella are organs of locomotion. 


Flagella and Taxonosiy 

It remains of interest to consider Avhether the t3’pe of flagellation 
should be regarded as an important characteristic for bacterial 
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taxonomv as proposed b}' Jligula and others. Pijper was the first 
to doubt if there really are bacteria with peritrichous flagella ; later 
Pietschmann also expressed lier doubts. Pijper obsen^ed that bacteria 
in the dark field possessed far fewer flagella than in stained preparations. 
Pijper rejected Neumann’s explanation of tliis difierence and set in 
its place the view that flagellar stains do not give a true picture 
of bacterial flagellation. Pijper (1930) wrote (translated from the 
German) ; — “ The different results are onl 5 ’- ascribable to the capricious- 
ness of the staining method if not to the faulty technique. One may 
also be quite imgracious and sny that onlj' shme tlireads are stained ”. 
Since the question of the slime threads has already been dealt with, 
we may now consider if flagellar stains are so capricious as to lack 
all value. 

Pour factors at least influence the results of staining — the skill 
of the investigator, the organism studied, the culture medium on 
which the organism was grown and the staining method. Of these, 
the first is perhaps the most and the last the least important. The 
importance of skiu is shown by the repeated failure of students to 
stain flageUa although their teacher has no difficulty in demonstrating 
flagella at the same time and with the same suspension. Further, one 
usually has success with a new formula only after a number of trials ; 
first attempts to stain an unknown bacterium are often a failure. 
Another point is that as a rule flagella can be clearly seen only in a 
rather small part of the preparation. The different colours of the 
stained bacteria show clearly that during the staining process conditions 
are not everywhere alike, and since many flagella are tom off during 
drying, we need not wonder that in most cases only a few bacteria are 
successfully stained. Notwithstanding aU this, it is certain that, when 
one has had some experience with the staining technique, the results 
are so consistent that there will never be any confusion between 
bacteria with true polar flagella, such, for example, as Pseudomonas 
fiuorescens or Vibrio choleroe, and peritrichous bacteria like Proteus 
mirabilis and Salm. typhi. I therefore consider flagellar staining to 
he a reliable procedure. I also think it curious that the flageUa shown 
so profusely should be regarded as artefacts. In his paper of 1930 
Pijper writes that many of the peritrichous bacteria are “showing 
off” with 'flageUa lost by others. Although this did not seem very 
probable, since the arrangement of the flageUa is much too neat 
(figs. 5, 6, 9, 10 and 11), I have done some experiments to test this 
suggestion. I mixed Proteus mirabilis with El Tor vibrio. Spirillum 
serpens and an unknown peritrichous bacterium from swine manure 
which was poorly flageUated compared with Proteus. I could find 
no evidence that any of these bacteria attracted to themselves any 
of the numerous detached flageUa present in the preparation, not 
even when these bacteria lay in the neighbourhood of and in the ’same 
toection as a strongly flageUated Proteus (figs. 6, 6, 7, 8 and 10). 
In fig. 7 a spiriUum is seen in contact with Proteus mirabilis, but 



284 


T. Y. KI^'OMA nOLTJKS 


even so Iho spirillum lins only polnr flngelln. Since it -vvas possible 
that the bacteria mixed vilh Protons had an opposite electrical charge 
to that of Protons, and were therefore unable to borrow the Proteus’s 
flagella, I did electrophoresis experiments which showed that all 
bacteria had a negative charge. All Ihing.s considered, I think that 
flagellar staining methods give a true picture of the reality, and that 
the contradiction between what is seen in staijicd preparations and 
in the dark field is only apjiarent. As Neumann observed, the flagella 
of Proteus are visible in the dark field only when the bacteria arc 
swunming in a gum arabic solution and not in water. He suggested, 
therefore, that the flagella become visible because many of the primary 
flagella form a “ Zopf ” or “ plait thus creating a stronger .structure 
better adapted to propel a bacterium through a vi.scous medium. 
To test this suggestion he made stained prepamtions of Proteus 
swimming in water and in a 2-3 per cent, gum arabic solution and 
showed clearly that the bacteria in water had many more flagella 
than tho.se suspended in the gum arabic solution, in which ca.se the 
picture was the same as that of the bacteria in dark field. I repeated 
these experiments, and photographs of Proteus inirabilis (compare 
figs. 6, 8, 10 and II udth figs. 9 and 12) and Spirillum serpens (compare 
figs. 13 and 14) clearly confirm the tests of Neumann. 

Pijper, however, was not convinced and was of opinion that the 
flagella became visible because the}’ wore covered vith a layer of 
gum arabic. This docs not seem probable, however, because if this 
were true one would o.xpcct the thickness of the flagella to bo the same 
over their whole length. But both tlio dark-field and stained prepara- 
tions show clearly that the tails are much thicker at the base than 
at the tip. This must needs bo so if the tails consist of man}' flagella 
fixed at different points on the body and therefore a little separated 
at the base. If the flagella are not of the same length the tail will bo 
thinner at the end. Migula (1897, p. 120) has made the same obser%’a- 
tion. Pietschmann also is of the opinion that Pijper is not right 
about this. To investigate Pijper’s suggestion of the layer of gum, 
I made the same experiments as Reichert to render the flagella \-isible 
in the dark field. I made preparations of Proteus, Spirillum and 
typhoid bacilli on coverglasses, under which I ran a drop of Peppier 
mordant, a silver ethylamino solution or a 6 per cent, gum arabic 
solution. The preparations were sealed with a rim of vaseline. In 
not one case could flagella bo seen immediately after the preparation 
was ready, but after 6-10 minutes they wore clearly visible in the 
Peppier and silver othylamine solutions but not in the 6 per cent, 
gum arabic solution. Figs. 22, 24, 25, 26, 29 and 31 show the results 

* It may bo observed boro that tho term “ Zopf " or “ ploit ” is innoourato, since 
the flagella are not plaited, nor are they twined like a cord. They fit easily together 
because of their spiral shape, ns is shown in fig. 30, which is of what tho Gormans call 
a “ Riesenzopf ”. Theroioro it would bo better simply to speak of a tail, a name which 
does not suggest a special structure and is simpler than “ secondary flagellum ” or 
“ combined flagella ”. 



J. I’ATII. IlAlT— Voi. l.X 


Plath XL 


PACTP.niAi. 



4 


I-IG. 1. Prolcus mirabilis. Aloving train of cells with flagella visible only at the rear 

Exposure l/o sec. X 1000. 

Fio. 2. Spirillum serpens. Moving flagella near arrow. XlOOO. 

Fio. H.—Salmonclla lyphi. x 1000. Fig. -i.— Proteus mirabilis. x 1000. 





I’l^TT. XLI 


Kio. S . — ProtniK mirahili.i niid Spiritltim frrpfi>f, Hliowiiip ("'pnnitioii of 
polnr but not jK-ritriohoUH flnpi'llii. x 1000. 

f'lo. 6. — Profniif tnimfiiUf ami Kf Tor vibrio. Xi^Off. 

Fjo. 7. — Proteiin mirtihilin and Spirillum rrrjt^ni’. x 1000. 

Fio. 8. — /Vo.ViM viirahili/i and Hactoriuin. X 1000, 

Fio. 0. — ProUuK mirnhiliA in 2 jxr cont. pum araliit- nolution. X 1000. 
Fio. 10. — Prottuf tnirahilif and Hactoriutn. X lOOO. 

Fio. 11. — ProleuA tnirahilif in v.'nXPT, X 1000. 

Fjc!. 12. — ProteuA iiiirahili.i in 2 p<>r cent, gum nmbic solution. X 1000. 
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Plati: XLII 


FlO. J3. — Spirillum Aerp(n.n in wntcr. X 1000. 

Flo. !•}. — Spirillum rrrpf nr in 10 i>or cent, gum nnil>ic solution, x 1000. 
Fio. 15. — I3acloriurn in ivnter. X 1000. 

Fio. 10. — Bnetorium in 2 i>cr cent, gnm nrnbic solution. X 1000. 

Fio. 17. — Spirillum with unfolding toil. X 1000. 

Fio. 18. — Salmonella ti/phi. x 1000. 

Fio. 19. — Salmonella li/phi. X 1000. 

Fio. 20. — Salmonella ti/phi. x 1000. 
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Fia. 21. — Sph(rro!itiiK rinlarw. IVpjiIor ntnin (prt'pnmlion liy W, Kiiii/rmfinn). 
X ir.oo. 

Fio. 22 . — ProtdiA mirabilii' in I’opplor monlnnt. x 1000. 

Fio. 22. — Prot'us tnirabili/' in b {>or cent, fnnn nnibip solution. X 1000. 

Fio. 2'1. — ProUu^ rtiirabiltit in IVpplcr inorclnnt. X 1000. 

Fio. 25 . — Salmonella tijphi in fiilver olhylnrnino nohition. X 1000. 

Fio. 20. — 5(j/monf//o lyp/it in PcppIiT inortinnt. .X 1000. 
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Fio. 27 . — Iltiphomicrohhtm vulrjare. SlnllcH nnd fliiRolIn. X1700. 

Flo. 28 . — Protcun viirahilin in silver otliylmninn solution, portly (ifirl:cnc<l by 
irmdiotion. x 1000. 

Fio. 20 . — Proleun mirahiUx in silver cthyinmine solution. X 1000. 

Fic. 30. — Proteii.i mirahili.t in silver etliylnmine solution, totally ilnrkened by 
irraclintion. X 1000. 

Fio. 31. — Proteun iiiirabiliM in silver etbjdamine solution, x 1000. 

Fio. 32. — A.S fig. 30, but pliotogrnpbed in transmitted light. X 1000. 






rx-^Ti: XLV 

Fto. .13. — Protfu^ viirabiliii in Indin ink. riMcN nroiind Ktntiormrj- biictorin 
swept clcfir liy flngollnr niovcinenf. X 1000. 

Fk!. 31. — Protf til titimbtliK. X.OOOO. 

Fio. 35. — Prolrui iiiimhili*. x2500. 

Fio. 30. — ty])i<'nl Rtnicture forni''(l l»y n coIl'Ttion of /lnj;;rlla, X 1500. 
Flo. 37. — Acetobnclor. x 2.500. 

Fio. 38. — Acctobactor. x2500. 

Flo. 30. — Prolrti" minthilii in nilver otliyliimini* wiliition, dnrkr-notl by 
irmdmtion and photofn’ajdicd in transmitted liyht. X 1000. 
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mny stick together, bocnuso she observed thnt the flngelln of one 
cell were more difficult to see than those of n feu* cells swimming 
together ns ono unit. Since the.se difibront coll-S enn work together, 
I think thnt n single cell inu.st ccrtninly bo capable of letting its 
flngelln work together. From the foregoing it 'will be clear that there 
is no reason why peritrichous flagellation ns shown by flagellar staining 
methods should not be accepted ns a real fact. 

It remains to be considered if the t\ 7 )o of flagellation has any 
value for purposc.s of sy.stomatic cln.'^sification. I admit that it is 
often very difficult to decide avhether flagella are peritrichous or 
polar. One should keep in mind, however, that the division into 
peritrichous and polar is artificial, and it is cpiito possible that there 
are tj-pes of flagellation which are intennediatc between true peri- 
trichous and true polar — ns, for c.xnm])lc, the sub-polar. Xotmth- 
standing this, I think that the tj'pe of flagellation is of value in bacterial 
taxonomy. A glance at the scheme of the phylogeny of bacteria by 
Ivlviyvcr and van Niel (193G) and by Stnnicr and van Nicl (1041) 
immediately shows that ono line contains all the baeferin with polar 
flagella and another lino the bacteria with peritrichous flagella. If 
the flagellar stains were really ns unreliable ns some investigators 
suppose, this simplicity would bo impossible. Conn and Elrod agree 
that typo of flagellar arrangement is of taxonomic value, though 
sometimes the exact t 3 ’pc is difficult to determine. 

SmmxRY 

Flagella are the true organs of locomotion of the rigid bodies of 
bacteria and not, ns Pijper asserts, useless slime appendages. 

Tlicre is no reason to suppose that peritrichous flagella ns demon- 
strated by flagellar staining arc artefacts. Hence the distinction 
between peritrichous and polar flagella mny still ba considered a 
characteristic of sj'stematic value. 
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Appendix 

When I made photographs of the silver-stnined preparations of 
Proteus, I ohserred that the appearance of the bacteria after they 
had been irradiated for 10 minutes had quite changed (figs. 28, 30, 
31, 32 and 39). It appears that the stained flagella are light-sensitive. 
When they are first brought into the dark field they radiate strongly, 
but after about 10 minutes they begin to darken from the centre 
outwards (fig. 28), and after some time the whole bacterium appears 
black. It looks as if the silver is first deposited in the form of a salt 
and then reduced to black silver. I observed this only with Proteus 
and it seems probable that the flagella of Proteus contain a substance 
which is easily oxidised. Perhaps it is the presence of this substance 
which makes Proteus more sensitive to light than the other bacteria. 
Prom the fact that the .stained flagella of Proteus present an appearance 
quite different from that of the typhoid flagella, it may perhaps be 
concluded that they have a different composition. The irradiated 
silver-stained Proteus bacteria are also quite visible with transmitted 
light, as is shown by figs. 32 and 39. The Peppier tannin preparations 
give too slight a contrast to be visible in the light field. 
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(Plates XLYIII-LI) 

While studying sections of human lungs from patients who had died 
of primary pulmonary hypertension, numerous vascular lesions were 
encountered which superficially resembled arteriosclerosis * but 
showed features suggesting that they might have been the end stage 
of an organising thrombosis. This diagnostic diEBculty was greatly 
accentuated by the recent work of Duguid (1946) in which he suggested 
that what is ordinarily regarded as coronary atheroma is, in fact, 
largely the result of organised thrombosis. It seemed, therefore, 
that before attempting any further study of the spontaneous human 
lesions it was necessary to ascertain experimentally how far organised 
thrombosis in previously healthy vessels could mimic arteriosclerosis. 
This was attempted by giving repeated intravenous injections of 
broken-up blood clot in the hope that these would become impacted 
in the smaller pulmonary arteries without killing the animal and 
there tmdergo organisation. 

Rabbits were used chiefly because their large ear veins permit 
repeated intravenous injections. Ideally each animal should hare 
been injected with its own blood clot. This, however, was not thought 
to be feasible on account of the damage to ear reins which the necessaiy 
bleeding and re-injection would hare entailed, so human blood was 
used. 

Techhiqto 

Ten to fifteen ml. of human blood were coUeeted asepticaUy (always fi-om 
the same individual) and allowed to clot in a 20-ml. screw-capped container. 
When the clot had retracted the serum was poured off and the clot was shaken 
hard by hand with sterile glass beads of 5 nam. diameter for about 10-15 minutes. 
This reduced the clot to fragments which, when fioating, appeared to he about 
1-2 mm. in diameter. This mass of broken clot was then washed repeatedly 
with sterile saline until the sedimented fragments of fibrin were buff to pink 
in colour. It was hoped that by thus getting rid of serum and red cells it would 


• The arterial lesions discussed in this paper were mostly devoid of fat and the 
terns BtheToina or atbeTosclerosis are not properly applicable. The eeneral term 
artenosclerosis has, therefore, been used for lack of a better. 
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bo po'y^iblo to minimiRO flio ri^Ic of nllcrpic rcnctionq. TJio broken fibrin ■n’as 
tlien HtHponderi in n voltnno of wilino oqiinl to fbo originnl volume of blood 
niul tlio Kusponsion injcctoel intravenously. Seven mbbita were used to ascertain 
the optinuun dosage. TIil-m' nnitnals were given one or two injections of 0-25 
to 2'0 ml. of suspension of clot and were nil kilIo<l within 24 hours. A doso of 
1 ml. provtKl to bo satisfactory nnd was well toIeriite<l, but was found on section 
of tbo lungs to give rise to very few emboli. It was tlwreforo necessary, in order 
to produce an adequate number of lesions for study, to give repentesl doses. 
Tlieso seven animals, being healthy, apart from occasional embolism causing 
symaptomsof a few hours’ duration, were us<yl as controls for the study of normal 
rabbit jnilmonary arteries nnd for right ventricular size. 

Ten mbbits were ti«ed for the main experiment. They reccivo'l injections 
twice weekly for three weeks. 'J’hey wore tlien given a rest, mainly to let their 
oar voin.s reco%-er, and a second series of injections was started. Five of the=o 
animals died in the course of thcio injections, which were then discontinued, 
nnd tbo remaining five rabbits were ):ille<l at intervals to ascertain the late 
rcsult.s of organisation of the emboli. The <iotai!s of the experiment arc set out 
in the table. 'When an animal died or was killwl tbo thoracic contents were 
removed nnd the lungs were distendeel via the tnichea to their normal size with 
formol-saline and tbo whole placc<l in fonnol-.snline to fix. Blocks were taken 
from vnriou.s parts of all lobes nnd paraffin sections cut. At least one block 
from each animal was cut frozen nnd stained for fat. 


RnsubTS 
Control series 

Impacted emboli were scanty nnd usually only one or two were 
found in several blocks. The pulmonary arteries were otherwi.se all 
healthy. The intima was of minimal thickness nnd lay ns n rule on. 
a single well-defined elastic Inminn. In an occasional nrter}’ the 
internal elastic lamina was two or even three layers tliick, but this 
was exceptional nnd was never sufficient to cause an3' appreciable 
intimal tliickening. 

Experimental series 

Significant arterial lesions were found in all 10 animals. Owing 
to the fact that repeated doses of clot were given it was not possible 
to estimate with any accuracy the age of the lesions studied, but it 
■was possible to find all stages of development from recently impacted 
clot up to complotel}’- healed lesions. The impacted clots (fig. 1) 
consisted of tight masses of fibrin containing a few' leucooj’tes and 
red cells. All the earl}' emboli were of this tj^po and, since no ordinary 
clots were found, it is presumed that propagation of tlirorabus did 
not occur. Many of these emboli soon appeared to shrink so that 
they remained attached to one wall, leaving an eccentric channel, 
and were soon covered by a layer of endothelium. The first effect of 
the presence of the embolus appeared to bo a brisk cellular reaction 
by polymorphonuclears and macrophages. This infiltration involved 
the whole wall of the vessel and formed a cufiF outside the adventitia 
(fig. 2). The polymorphonuclears were transitory and soon the cell 
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reaction consisted chiefly of macrophages, fibroblasts and some plasma 
cells. By this stage the cellular infiltration was largely or completely 
confined to the intima and clot, leaving the media and adventitia 
apparently normal (fig. 3). The next stage in the organisation was 
the apparently rapid replacement of the clot by collagen and coincident 
with this there was an increase of elastic in the form of a sphtting off 
of new layers (fig. 4). After this stage of fibrous replacement and 
disappearance of fibrin the lesions imderwent a slow and steady process 
of consoKdation (fig. 5). This took the form of a shrinkage of the 
intimal thickening, with opening up of the lumen and an increase in 
the production of elastic tissue so that the lesions contained more 
and more fine elastic fibres and relatively less and less collagen : 
they were by this time virtually acellular (figs. 6 and 7). This process 
of elastic hyperplasia was apparently complete in about 25 days, 
because no vessels with only fibrous intimal thickening were found 
in animals in which the last dose was 25 days or more previously. 
In the four animals which were allowed to live for several months 
after the last injection, the lesions were strikingly less severe. In 
fact, they rarely consisted of more than a minor degree of elastic 
intimal thickening, usually affecting only a part of the circumference 
of the vessel (fig. 8), 

The lesions in all 10 animals were widespread and severe. The 
vessels most commonly affected were those of about 400-500 p external 
diameter, but the lesions were by no means limited to these and were 
found quite frequently in smaller arteries of well under 200 ft, (figs. 9 
and 10). In spite of the fact that these vessels were originally plugged 
by emboli (figs. 1 and 2) they all regained their lumina and none was 
found with an organised occlusion ; in fact, by the time organisation 
was well advanced the effective Imnina were but little reduced. In 
the smaller vessels of about 200 ft the intimal thickening was often 
curiously regular (fig. 9). This finding opens up the possibility that 
such intimal thickening represents not organised emboli but involution 
due to the parent vessels being partly occluded and the blood flow 
reduced. Such a possibility cannot be denied but, since the recognisable 
stages of early organisation were seen in some of these small vessels, 
it is fair to assume that in these at least the intimal thickening was 
directly due to organisation of emboli. 

Patty change was looked for in frozen sections in all animals but 
was only found in one artery of one animal (no. 2). In this case 
(fig. 11) there w'ere two thin bands of anisotropic fat in a patch of 
intimal thickening. 

Beart weight. In aU animals the right and left ventricles were 
separated andweighedaceordingto the method of Herrmann and Wilson 
(1921-22) and the results expressed as RV/LV per cent, (table). In 
the seven control animals the mean figure obtained was 63-7ri:9-05 per 
cent., in the experimental group 66-6±16-3 per cent. This difference 
IS too slight to indicate any right heart hypertrophy. It is, however. 
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interesting to note tliat in the five nniranls which died during the 
course of the experiment the mean figure was 79'G±12*3 per cent,, 

TABLn 
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wliilo in the five wliich wore allowed to recover tho mean figure was 
53-G±4'4 per cent. Althougli tho number of animals is too small to 
permit of definite conclusions, tho diffcrcnco between these two groups 
is more than four times its standard error and thcreforo significant, 
wliile tho difforenco between the animals wliich died and tho controls 
is more than twice its o^vn standard error and therefore probably 
significant. These findings aro in keeping with tho belief that embolism 
of tho pulmonary arteries causes temporary cardiac hj^ortrophy 
which resolves ns tho embolisod vessels open up and regain nearly 
their original bore. 


Disoussiox 

Tho above findings are of interest in two respects. First, they have 
a bearing on tho recent work of Duguid (194C) in which ho suggested 
that a picture indistinguishable from atherosclerosis can bo produced 
in coronary arteries by tho organisation of mural thrombi and, second, 
they offer a possible explanation of some of tho published cases of 
primary cor pulmonale. 

Duguid makes a clear distinction between wliite and red thrombi, 
pointing out that it is tho latter which tend to undergo softening and 
to liberate fat. In the present work only “ white ” clots w’ore used 
to embolise the pulmonary arteries and therefore, in accordance with 
his view, it is to be expected that tho lesions produced would be free 
from fat. 
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Fig. 1. — Control rabbit killed 5 hrs. after a 
single injection. Clot impacted in small 
pulmonary artery of 2o0/i diameter. Xote 
normal elastic lamina and absence of 
reaction. xll2. 
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Fig. 2. — Rabbit 4. Pulmonary artery of 
350 [I diameter containing impacted em- 
bolus in stage of early organisation, with 
brisk cellular reaction. Isot© slit-like 
Imnen. X 100. 














Fio, 3. — ^Rabbit 3. Organising embolus in artery of 500 n diameter. Clot almost 
entirely fibrosed. Lumen well opened up and lined by rather prominent endo- 
thelium. Cellular reaction has largely disappeared. Xote that the elastic lamina 
is still normal, x 100. 

All sections stained ^^it!l Lawson’s modification of Weicert’s elastic stain followed by celestin blue 
and Mayer’a ha^malum and van Gicson. 
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showing gross elastic hyperplasia, x 75. 



Fir;. S. — Rnbbit 0. Seventeen weeks after 
last injection. Late stage of organisation, 
^Mth shrinkage of intimal elastic thicken- 
ing in an artery of 440 diameter x95. 



Fig. 9. — Rabbit 9. Late lesion in a small 
arterj’ of 180 fi diameter, showing fibro- 
elastic intimal thickening, x 205. 
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Among the published cases of primary cor pulmonale, those of 
Erothingham (1929), Means and Mallory (1931-32) and Castleman and 
Bland (1946) are behered by the authors to be due to thrombosis of 
pulmonary arteries. In the light of the present -work it is possible 
that in some at least of the other cases the sclerosis of the pulmonary 
arteries may have resulted merely from organisation of thrombi or 
emboli. Bi the cases of Rosenthal (1930, cases 2 and 3), Waring and 
Black (1934), Seely (1938), East (1940, case 3), Boyd (1944) and Gilmour 
and Evans (1946), there are illustrations of lesions -which can be 
almost exactly duplicated by those of the present experiment. It is 
of course unsafe to apply to human disease the results of animal 
experiment and it -would be quite unjustified to suggest that the 
cases listed are, in fact, examples of organisation of thrombi. Never- 
theless, if emboli can heal so completely and leave behind only 
fibro-elastic iutimal thickening in a vessel -with a clear lumen, it becomes 
necessary to consider carefully the possibility of multiple small emboli 
in any case of pulmonary arteriosclerosis, even though organising 
emboh are not readily apparent. 

SuiQIAET 

Rabbits -were given a coiuse of intravenous injections of finely 
fragmented fibrin clot which produced multiple small pulmonary 
emboli. These were rapidly organised and the lumina of the vessels 
reconstituted. 

The vessels in which such lesions had healed were left with fibro- 
elastic intimal thickening which was morphologically indistinguishable 
from spontaneous arteriosclerosis. 

It is suggested that some cases of primary pulmonary arterio- 
sclerosis ha-dng this histological appearance may be the result of healed 
pulmonary embolism. 
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THE LARGE-CELL SMALL-ACINAR TBCSROID 
TLAIOUR OF LANGHANS AND THE INCIDENCE 
OE RELATED CELL GROUPS IN THE HIRIAN 
THYROID 

Beb^tabd Le^tsos 

Department of Pathology, Postgraduate Medical School 
of London 

(Plates LII-LV) 

LAtsGHAi,-s, in 1907, in a classic article on the malignant epitheh’al 
tumours of the thyroid, proposed a classification -n-hich has been 
little altered by many later improvements. He included as one 
of his groups a “ grosszellige kleinalveolare Struma ” or “ Struma 
post-hranchialis ” and described five cases, only two of which were 
definitely malignant. The condition was re-christened “ Hurthle-cell 
tumour” by Ewing (1919) and, of the fifteen cases since <publish.ed 
which are generally regarded as falling within this group, the majority 
have been so called. The present study deals with two cases apparently 
representing two distinct conditions which have been confused rmder 
this one heading and attempts to relate both to similar cell groups 
which are common in the human thyroid. 

Case I 

A man aged 42, a signwriter from Shepherd’s Bush, had had a lump on 
the right side of his neck for 1 5 years. It had increased in size steadily throughout 
that period, rather more rapidly in recent years. He had had some pain on 
the same side of the neck for 2 or 3 years, indefinitely related to the lump. 
His history otherwise was without important events except for a mild attack 
of rheumatoid -arthritis at the age of -37, with good recovery. Examination 
showed a thin healthy , man writh a mobile well defined hen’s-egg mass in the. 
lower part of the right lobe of the thyroid. There was no indication of-i 
thyrotoxicosis. Elsewhere in the body he showed only a moderate congenital 
asymmetry of the chest and slight residua of arthritis. In August loL the 
trunour was excised with a substantial amount of the normal gland by ilr B. 
Shaokman ; recovery was uneventful and now, twelve months later, he is well and 
without recurrence. 

The tumour as received (fig. 1) weighed 35 g. with some attached normal 
thyroid. It was well defined, ovoid, solid and fleshy, and of an opaque brownish 
colour on section, with fibrous hands and some points of calcification. Low 
power microscopy (fig. 2) shows a solid cellular tumour lying between broad 
trabecula: of hyaline collagen in most areas these separate the tumour sharply 
from compressed but otherwise normal thyroid. At higher magnification (fig. 3) 
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tho tumour L*! fitrilciriKly uriifonn in nil nrnnji : it i‘t obviously thjToid of somo 
kind, hut there iii tmti«ition neither to norinnl glnnd nor to Ic*'-'’? well difTorentintod 
tumour. Small clo.'-ely jiiieked acini nre reen, oftf-n with small liimina containing 
n little dric<l up colloid nnd nirely forniinK short tuhulw. Tlio colLs nro largo, 
nvernging 20 /i in <liarneter, very irregular in shape and often vorj' clearly 
demarcate*! from each other : the cyfojdasm is uniformly cloudy or indistinctly 
granular. In cosin-stain<sl sections tho even opaque pink colour given to whole 
fields hy this uniform cytojdasni is very charaet*’rlstio. Tho nuclei varj' 
considerably in size and often jK>s->e<s ntielooli, hut they centre on a generally 
thyroid type. Various stains were lrie<! without detecting nnt* specific reaction 
of tho cells. Methods using arid fnehsin ns n cyfoplanmic stain (Ma-son's 
triehrome, picro-JIallory and Jihrlieli's triacid) emphasise a rather indistmet 
network or honeycomh of the kind so''n in fig. 0, nnd it .«=eeias that tho distinct 
granules seen often with oosin nnd constantly with phosphotungstic acid- 
hn’inatoxylin represent the node;! of lhL« network. This pattern seems in any 
case to bo merely an exnggenition of one to l>o mnde out hy similar rncflioi!? 
in normal thjToid ejiitheliurn. 

There can he no mu«onablo dotiht that this tumour is to bo groiqwi with 
those describe*! hy I.nnghntis. An exact ns-sessment of its malignancy is not 
so ensj'. In most areas its capsule is formed hy thick hynlino collagen, niito=e3 
nro rare nnd no musele-wnllefl vessels nre invaded. On the other hand at 
several points tho cn[)stdo (corns to ho broken through (e.*?. fig. 2), npjwrcntly 
by infiltration of capillaries. But it is considcrc*! that provide*! be can bo watchc'i 
carefully no further treatment is indicate*!, 

Cano II 

A Bj)inster ngc<l Gl, a dressmaker from Henley, bad bad a lump on tlic right 
sido of her nock for eight years. During the middle four of these j'c.ars it .seonis 
nlmost to have disnpj)carcd, but rtjcently it lind begun to cause somo dj'sphngia. 
Her complaints were many and her liistory difiieult to assess. She bad somo 
tremor nnd slight oxoplitliulmos nnd was consitlere*! to linve, or to have had, 
some degree of thyrotoxicosis, though shortly before operation her ba'-sl 
metabolic rnto on two ocensions wn.s +1 nnd —1. Tho tumour wns excised 
by Mr A, K. Hcnr}-, who wns nblo to shell it out with compnmtivc ca'o; 
tccovcry wn.s uneventful. Xo further Ircntmcnt wns given nnd eight j-enrs 
Inter the pntient lind no relevant complnint. 

Tlio tumour wns of tho size nnd shnpo of n Inngcrino ornngo, oxtcmnlly smooth, 
nnd weighed CO g. "Dndor tlio low j)owcr (fig. 4) it shows a smooth capsule, 
a pcriphernl vesicular zone resembling norma! IhjToid nt this mngnifiention 
nnd n centrnl solid nren resembling tho tumour of enso I. A lu’glior power (fig- 5) 
shows this resemblance to bo oxtromoly close: it .shows, in addition, that 
most of tho colls lining the larger acini of tlio peripheral zone are large, granular 
and eosinophilic : tho zone in fact forms n transition, absent in case I, between 
tumour nnd normal thjToid. Tliero is no ovidenco of socrotorj’ lijqrornctivity, 
no lymphocj'tio infiltration nnd no indication of malignnncy. 

It is believed, for reasons whicli will appear later, that this case is not to 
bo classified with enso I in Lnnghnns’s group, but represents the solf-curo of a 
toxic adenoma by regressive changes in tho active epithelium. 

Related cells m the human thyroid 

It seems to me impossible to discuss this tumour without jjaying 
attention to the occurrence of groups of colls similar to those of the * 
tumour in the human thyroid under various pathological conditions. 
Accordingly an attempt has there been made to assess tho incidence 
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of these cells. They are surprisingly common : in the first 420 thyroids 
searched for them at least one complete acinus of large pi^ granular 
cells was found in 76- The acceptance of smaller collections of cells 
might have made this figure higher, hut in view of the very mixed 
material studied, purely cytological criteria have been avoided as far 
as possible. 

Very little of these results is wholly new. Though no systematic 
study seems to have been made, various authors have recorded the 
occurrence of these cell groups in pathological thyroids. Ashanazy 
(1898) was the first to note them in. toxic thyroids : Eoussy and 
Clunet (1914) illustrated them very beautifully in the same condition 
and Wegelin (1926) was aware of their wider distribution. Womack 
(1944) mentions the occurrence of “ Hurthle cells ” in thyroiditis. 
The epithelial cell changes in this condition have been described 
often enough, e.g. by Shaw and Smith in 1925-26 and Vaux in 1938, 
but Womack seems to have been the first to use this particular name. 
Hamperl (1936-37) describes their occurrence (as “ oncocytes ”) in 
thyrotoxic and senile atrophic thyroids. 

For the time being I wish to label these cells “ Askanazy cells ”. 
The term “ Hurthle cell ” has been used fairly generally for them, 
but should, I think, be avoided. On the one hand Hurthle (1894) 
merely redescribed the parafollicular cells of puppy thyroids which, 
as he hims elf acknowledges, had already been demonstrated to the 
Royal Society by Baber in 1876 and more folly in 1881, and on the 
other hand the relation of the parafollicular cells to those now under 
discussion is very doubtful, Honidez (1931-32, 1932, 1933) and Zechel 
(1931, 1932, 1933) and Raymond (1932) have made detailed studies 
of these cells in dogs, cats and rabbits, but a survey of recent 
descriptions of the human thyroid, orthodox and unorthodox {e.g. 
Wfiliamson and Pearse, 1923 ; Bienhoff, 1929 ; Moritz, 1931 ; Marine, 
1932 ; Goormaghtigh and Thomas, 1934 ; Means, 1937 ; Maximow 
and Bloom, 1938) shows little evidence of support among histologists 
for the occurrence of any similar structure in the normal human gland. 
It seems most significant that parafollicular cells are fireguent, in 
those animals in which they occur, only in the first few weeks of life, 
whereas the cells with which we are here concerned occur chiefly at 
the opposite end of life. Zechel’s (1933) only illustration of human 
“ macrothyrocytes " is in a man of 75. 

I have not yet succeeded in applying Nonidez’ silver technique 
(1931-32, 1932) for parafollicular cells to human th3noids containing 
Askanazy cells. The material must of course be fresh, and suitable 
surgically excised thyroids are becoming increasingly rare. 

Incidence of Aakanazy-cell groups 
My material consists chiefly of 250 thyroids resected since 1936 
at the Postgraduate Medical School of London, and 150 normal 
thyroids obtained post mortem. Other material has been used for the 
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illustration of particular conditions, but the graphs and related 
statistics are based on the unsclcctcd series. 

Nonnals. Fig. 8 shows the occurrence of Asknnazy-cel! groups in 
normal th 3 Toids, It will be noted at once that the\' are absent in 
the j'oungcr ago group and uncommon even in old men, but become 
verj’ common in older women, e.spccialh* over the age of CO. 
“Normal” is, of course, a relative term. I have eliminated cases 
showing clinical evidence of th^vroid di.«caso or more than minor 
abnormality to the naked eye, but Askanazj' cells scorn to bo cspccialh" 
associated with the residuum of minor abnormalities. In women the 



Fio. 8. — KTonrinl tlijToids. Results in l.SO post-mortoms in which no gro's lo=ion wns 

present in tho tlnToitl. 

In these graphs tho histograms show tlio numlwr of cases oxntninerl in five-year 
ago groups, females above and males Iwlow the baso lino. Rlackcd-in portions show 
tho number of cases in which A.skannzy cells were found. 


association with Ijunphoid In'jrerpla.sia is ospecialli* close : 78 of the 
subjects were women, of whom 27 showed Ijunphocj'tic infiltration, 
and of these more than half (16) showed also Askanazv cells. Onh* 
tliree women showed Askanazj’’ cells without h'mphoci’tic infiltration. 
Nodules of Askanazy colls arc often actuallj' embedded in l^nnphoid 
tissue (fig. 7) and it is unusual to see them without some surrounding 
Ij’^mphocytic infiltration. Tho association is much less marked in men, 
of w’hom two showed Askanazj’^ cells onlj', five l^miphoc^'tes onl^* and 
one both. 

Thyrotoxicosis. Fig. 9 shows the findings in 135 surgicallj’’ removed 
thjToids tvith hyperthyroidism. There is seen to be a moderate 
(16-3 per cent.) frequonej’-, confined to women and significant enough 
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in comparison corresponding age groups of normals. The lower 
graph shows the much -greater frequency (50 per cent.) m toac 
adenoma : the group is small hut the observation is reinforced by 
the much greater proportion of positives in the upper graph among 
glands showing excessive macroscopic nodularity. 

The association with lymphoid tissue noted in normal thyroids m 
maintained. Tig. 10 is a typical nodule from a case of Graves’s 
disease. Tig. 11 shows acini embedded in lymphoid tissue in a toxic 
adenoma. Tig. 12 is from a remarkable case of a woman of 72 who 



TOXIC ADENOMA 



MALES 

Tia. 9. — Thyrotosdc thyroids. Results in 123 cases of diffuse toxic goitre and 
12 of toxic adenomata treated by resection. 

died of thyrotoxicosis ; the thyroid weighed 375 g., was markedly 
nodular, and shows secretory hyperactivity histologically, with 
lymphoid hyperplasia and conversion of roughly a third of the area 
of each section to the Askanazy type, including several nodules up 
to 8 mm. in diameter of tissue hardly distinguishable from the tumour 
of case I. 

The great bulk of these cases had received pre-operative iodine, 
but I have been permitted by Professor Dible to examine a group 
of pre-iodine Graves’s thyroids from his private collection and foimd 
appro.vimately the same incidence. Thiouracil also seems to have 
little effect in tins respect. There seemed no obvious correlation 
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botween the occurrence of the cell groups and an^’ clinical feature 
except sox and nodularity : it was rare in the fulminating t-oxsemias 
of younger -n'omon but these in any case are usually diffuse in t\ 7 )e. 

Non-tozic goUre (excluding fcctal adenoma). Tig. 13 represents a 
very mixed group of colloid goitres, nodular goitres, simple adenomas 
and the like. Askanazy cells are infrequent (5 per cent.). 

Fcetal adenoma. Of 11 examples, 4 .showed the change: figs. 14 
and 15 are examples. Though the afTccted cells are comparable, so 
far as can bo seen, in all other respects to Askanazy cells arising 
elsewhere, it is noteworthj’ that this is the only imi)ortant class in 
wliich they are not associated with excess of lyraphoc^'tcs. 



Flo. 13. — Xon-toxic goitres. Results in 74 surgicolly trented ca-scs of tlijToid disease, 
mostly called colloid goitre, nodular goitre or simplo adenoma. Carcinoma, foctnl 
adenoma, thjToiditis and toxic Icsioas nro excluded. 

Thyroiditis. Six cases of Hashiraoto’s disease have all shown 
complete or nearly complete absence of normal epithelium, which 
has been extensively' replaced by the Askannzy tjqje of cell (fig. 16). 
Four cases of Riedel’s struma have shoivn no example of the change. 
The material is quite inadequate for any significant contribution to 
this controversial field but the fact invites speculation. Is it possible 
for instance that the age and sex incidence so relied upon by those 
who regard the two conditions as distinct (Joll, 1939-40) are merely 
an expression of an altered reactivity in the thy-roids of older women ? 
Perhaps at least one may take the presence of extensive Askanazy' 
cell change in thyroiditis to be of good prognostic import. 

Myxeedema seems (though again six cases provide inadequate 
material for purposes of comparison) either to show, h’ke Hashimoto’s 
disease, widespread lymphocytic infiltration and Askanazy cells, or, like 
Riedel’s disease, widespread fibrosis and no Askanazy cells. 
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Fig. 1. — Case I ; tlio tumour on 
section, x 1 ’O. 


Fic. 2. — Case I. An area of the tumour shou-ing (above 
left) tlio hyaline collagen ivhich forms trabeculm and 
capsule (here partly calcified) and (above right) a 
nodule of tumour appearing to breach the capsule. 
Masson’s trichrome. X C. 


'■ «A'' « 












Fig. 3.— Case I. The characteristic homogeneous “ large-cell smaU-acinar ” structure 

H. and E. x 123. 





















woman of G2. H. and E. X 123. 


woman of 52 with Graves’s disease. H. 
and E. X 125. 



Fio. 12._Toxic nodular goitre. Extensive Askanazy-ceU change. From a 
woman of 72. H. and E. x 125. 
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Fig U —Foetal adenoma Two AsUanazj'-cell nodules, that on the right transitional, 
that on the left tj-pical, in a foetal adenoma from a w Oman of oO H. and E. x j o. 



^'?i, adenoma Focal change to 

e Askanazy ceU type m a foetal adenoma 
a woman, age unknown. The acim 
mtam somethmg of the parent shape, 
li- and E. x 125. 



° disease m a woman of 

h-. The upper nodule shows especially 
dearly the Askanazy type of epithehum 
H. and E. x 125. 
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Miscellaneous conditions. No other significant association was 
seen in the remaining material, most of it carcinomata or thyroglossal 
cysts. Two examples of ordinary* carcinoma arising from thjToids 
with Askanazy cells and Ijonphocytic infiltration were seen. The 
fibrosis associated with abscess or secondary tumour does not excite 
the Askanaz 3 ^-cell change. 

Origin of the tumour 

There has been a variety of hypotheses on the origin of tins tumour. 
Langhans himself implies by his alternative title of “ Struma post- 
brancliialis” belief in an origin from the post-branchial body of 
Sophia Getzowa (1907, 1911). The share of the fourth branchial 
cleft in the origin of the mammalian thjwoid still seems doubtful 
(Marine, 1932) ; the tubules and cell groups described by Getzowa 
in the thyroids of cretins may well have a pathological rather than 
an embryological explanation, but in anj’- case this hypothe.sis has 
suffered the general loss of repute of attributions of adult tumours 
to foetal structures. Until a tumour is identified arising from fourth 
cleft structures outside the thyroid there cannot be said to be anj’’ 
real evidence in its favour. 

Eisenberg and WaUerstein’s claim (1932) of a parathyroid origin 
has been very faithfully dealt with by later writers. It was based 
on the resemblance of the cells of the tumour to the oxyphil cells of 
the parathyroid. This is part of the more general group of similarities 
which led Hamperl (1931 a and b, 1933 and especially 1936-37) to 
his concept of the oncocyte. Large cells with eosinophilic honeycomb 
or granular cytoplasm and small or irregular nuclei, wfith a tendenej'' 
to increase with age and with no apparent function, have been 
described in the salivary glands, .the parathyroids, much of the 
respiratory tract (Nohteri, 1946), the pancreas, the pituitary, the 
lachrymal glands, the oesophagus and perhaps the mastitic breast, 
and in most of these sites can give rise to tumours. It is not difficult 
to confirm many of these resemblances, but the significance, if any 
(for the' whole niay be coincidence), is quite obscure. There is nothing 
positively against calling Askanazy cells thyroid oncocytes and the 
Langhans tumour a thyroid oncocytoma, but there is so far little 
except logistic profit to be gained thereby, 

Ewing suggested the origin' from Hurthle cells. Until the relation 
between Hurthle and Askanazy cells has been elucidated this must 
remain a doubtful attribution. 

Wilensky and Kaufman (1938), recognising the mixed histology of 
their cases, suggested that some unexplained physiological change 
occurs as a secondary phenomenon m an adenoma or carcinoma of 
more ordinary type and that the behaviour of the tumour bears no 
relation ‘to this “Hurthle-cell change” (as they call it), but only 
to the nature of its precursor. Basically, this in my opinion is the 
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right answer. But it seems to me tliat this ehnnge can occur in two 
main ways : — 

(i) By change of cell type in afcclaJ adenoma. Such change certainly 
occurs fairly frequentl 3 \ Other tjqjes of thjToid carcinoma can he 
traced often enough to foetal adenomata. While hesitating to claim 
it as the sole method, this seems a reasonable hj^jothesis to explain 
the origin of the pure large-cell tumour os described by Langhans. 
It accounts for the lack of l^Tuphocj'tcs, and the curious stroma of 
my case I is perhaps some additional evidence. 

(ii) By change of cell type in a toxic adenoma or toxic nodular goitre. 
As we have seen, a moderate degree of this change is common. In a 
case such as that illustrated in fig. 12 there arc manj’ nodules of what 
appear to be tj-pical Langhans tumour tissue till one moves to the 
h 3 'pcractivc gland. Case II I believe to represent the completion of 
the process. It is tempting to bring all the tumours into tins group, 
but an 3 ' attempt to do so founders on tlie fact of a practicall 3 ' complete 
negative correlation in reported cases of “ Hurthle-cell tumour ” 
between raalignanc 3 ’ and toxicit 3 ’, ns a glance at the table in Morrow 
(1945) mil show. 

Beported cases 

In accordance with the above idea, the 22 reported cases (including 
m 3 ’’ own) ma 3 ’' be classified into the three follo’wing groups. 

(I) The large-cell small-acinar tumour of Langhans proper (ten 
cases : mean age 47 -G 3 ’cars), characterised b 3 ' a uniform cell t 3 ’i)o, 
complete absence of toxicit 3 ' and frequent malignnnc 3 \ 

(i) Langhans’s original five cases (1907). 

(ii) Haagensen’s two cases (1931). 

(iii) Martin and EUcin’s tliird case (1939). 

(iv) Harry’s case (1941). 

(v) M 3 ' case I. 

Five of these (mean ago 53 - 8 , two men) actually metnstasised, the 
other five (mean ago 41-4, two men also) were all suspicious. Other 
cases are mentioned "inthout details b 3 ' Ewing (1919, two cases), 
Wegelin (192C) and Clute and Warren (1935), but the condition must 
still be regarded as rare. Incidentally the last-named authors consider 
it fairl 3 ' radiosensitive and in general the prognosis in this disease 
seems relatively good. 

(II) Toxic adenomata shoiving extensive Askanazy-cell change. 
There are eight fairl 3 ’’ certain cases in this group, wliose mean age 
is 46-9 years, and two probables. All are women. Most show a mixed 
histolog 3 ' and lymphoc 3 dosis. None has recurred. All showed some 
e’vddence of thyrotoxicosis though this was sometimes equivocal, a 
finding to be expected if extensive change of this t 3 ’pe cures the 
toxicosis. 

(i) Lobenhoffer’s two cases (1909) : (details inadequate but most 
probably to be included hero). 
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(ii) Eisenberg and Wallerstein’s case (1932). 

(iii) Eberts’s case (1933). 

(iv) Wilensky and Kaufman’s two cases (1938). 

(v) Martin and Elldn’s two cases I and II (1939). 

(vi) Reimann’s case (19i3). 

(vii) My case II. 

In the first case of Martin and Elldn a disappearance of toxic 
symptoms before operation was associated with a nearlj' pure cell 
picture. It seems that here and in my second case all activity has 
been destroyed by a uniform change in all the active cells. It is 
noteworthy that in both of these lymphocytes have disappeared also. 

( TTT ) Congenital goitres. The two cases described by Symmers 
(1941) and Morrow (1945) are of doubtful relation to the present 
subject. In both, the whole thjToid at birth was enlarged and 
uniformly replaced by tissue regarded as similar to that of our tumour. 
Both seem to have proved curable by operation and radiation, unlike 
most true neoplasms at that age. 

The distinction between groups (I) and (II) does seem to be of 
some practical significance. Several of the cases in group (II) had 
been labelled “ Hurthle-cell carcinoma ” and irradiated, probably 
quite unnecessarily. Indeed it would seem that a history of thyro- 
toxicosis negatives malignancy, as it does in thyroid tumours generally 
(Ward, 1944). A mixed histology and lymphocyte infiltration aU 
point the same way. Only in the absence of thyrotoxicosis, and 
with a histology \miform throughout the tumour need malignancy be 
considered ; in men it is especially likely. 

Physiological significance of the Ashanazy-cell change 

Very little can be said about this. There seems to be no good 
evidence that the cells concerned secrete thyroxin. If a toxic adenoma 
can be cured by change of this kind, and if the change is also char- 
acteristic of Hashimoto’s disease (whose subjects are commonly 
myxeedematous), the cells must be without endocrine function. As 
to the cause of the alteration I can offer no hypothesis, but it does 
seem that when not actually tumorous the change is a regressive one. 
Possibly h3rperplastic thyroid acini become ultimately “ worked out ” 
and pass through a phase of Askanazy-ceU change and lymphocytic 
infiltration before disappearing, 

A quantitative iodine analysis was done on the tumour of case I 
by Dr Russell Eraser by a modification of Taurog and Chaikoff’s 
(1946) method for blood iodine. The material had been in formalin 
for some months, but a piece of the normal thyroid adjacent to it, 
put through as a control, gave a substantially normal figure (over 
0-035 per cent.). It therefore seems significant that no iodine could 
be detected by this very sensitive method in the tumour-— additional 
evidence that cells of this type are non-functional. 
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Sinmnary 

1. Two cases of the so-cnlicd " Hiirthle-ccll tumour ” of the tliyroid 
arc described. Case I, that of a man of 42, is a typical example of 
tlie “ large-cell small-acinar ” tumour described by Langhans. This 
group, ivlucli is characterised b^' uniform histology, absence of toxicity 
and frequent malignancj-, now amounts to ten reported cases. It 
is suggested that this tumour arises by change of epithelial cell t^^je 
in foetal adenomata. Case II, that of a woman of 51, is believed to 
be the result of extensive rcgressi^’c epithelial changes (of the land 
first described bj’ A-skanaz}*) in a toxic adenoma. Half the cases 
described in the literature as Hurthlc-ccll tumour are believed to fall 
into tlus group. 

2. Groups of cells resembling those of the tumours (here called 
Askanazj' cells) arc frequent in women over GO, in toxic adenomata, 
foetal adenomata and Hashimoto’s disease. Except in foetal adenomata 
they are closely associated with lymifiioe^dosis. !Men are rarely 
affected. 

3. The plij'siological significance of the Askanazj'-cell change is 
not clear, but the cells do not secrete thyroxin and their appearance 
must usuall}^ bo regarded as a rcgre.ssive phenomenon. Their relation 
to the parafollicular cells of puppy thjToids needs further study. 

My tlinnlcs aro duo to Professor J. II. Diblo, Dr C. Harrison and Dr I. 
Doninch for many suggestions and tho loan of slides ; to Professor Inn Aird 
and Sir R. Slmclvmnn for permiasion to uso tlicir inntorinl ; to Dr Russell Fraser 
for tho iodine estimations; to Messrs J. R. Baker and J, J. Griffin for tho 
sections and Mr R. V. AVillmott for the photomicrographs. 
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AGGLUTINATION OF COLIFOR^I BACILLI 
BY NOBT^IAL BABBIT SERIBI 

A. H. Emslte-Smtth 

Department of Bacteriology, The ^tcdical School, King s College, 
Newcastle -upon Tyne 

It is often assumed that the serum of a healthy uninoculated rabbit 
contains onlj* insignificant amounts of antibacterial agglutinms. This 
view is largely supported by the findings of Gibson (1930), but Boyd 
(1939-40) and Messer (1943) have drawn attention to the occurrence of 
agglutinins in considerable concentration in some “ normal ” rabbit 
sera. Indeed, with a agglutinin, the natural antibody titres may be 
as high as those found in sera from immunised animals (Stamp and 
Stone, 1943-44 ; Francis and Buckland, 1945). 

In the present work, certain paracolon bacilh isolated from 
desoxycholate-citrate-agar plate cultures during the examination of 
faces from cases of enteritis or their contacts were found to have 
biochemical reactions superficially resembling those of certain specific 
pathogens and to be agglutinated to titre by a considerable number 
of batches of Oxford standard agglutinating sera prepared against 
different organisms. In preliminary absorption experiments with 
antisera to Shigella sonnei and Shigella flexneri, types Newcastle and 
Boyd 103, the paracolon bacilli failed to remove the specific agglutinins 
for the dysentery bacilli, and the homologous dysentery bacilli had 
no effect on the ability of the sera to agglutinate the paracolon strains. 
Subsequently the paracolon strains were found to be ag^utinated to 
high titres by the sera of two healthy uninoculated rabbits. These 
rabbit sera also agglutinated lactose-fermenting and non-lactose- 
fennenting coliforms from human fseces or contaminated war wounds. 
The agglutinins in these sera were studied in absorption experiments 
and the results form the subject of this paper. 


Methods 

Strains. Four strains of paracolon bacilli (PR, PW and Pil from faces, 
P 6 from a contaminated war -a-otmd) and 4 strains of Bacterium coli of TVilson 
et al. (1935), tj^e I (CA and CB from faces, C 5 and C 7 from wounds) were used 
for the main absorption experiments. Part of the work was repeated with three 
known a strains, including the classical 1721, kindly provided by Dr Doris Stone. 

Bacterial s^ensions. The organisms grown on Lemco-agar slopes for 
8 hours at 37° C. were washed off in saline (0-85 per cent, sodium chloride) 
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containing 0-5 per cent, formnlin. Suspensions containing about 30,000 million 
organisms per ml. -svero used to absorb tlio sera and about 2000 million organisms 
per ml. for the agglutination tests. 

Babbit sera. Tlio two liealthy uninoculatcd rabbits were bled and their 
sera, designated 4 and 5, preserved by tho addition of O-Ol per cent, ncriflavino. 

Scrum absorption. To one part by volume of serum the absorbing saspension 
was added in three stages, 1, 3 and S parts by volume, at approximately 15- 
minute intervals, and absorption was done in a water-bath at 00° C. At tho end 
of one hour tho bacterial bodies were deposited by centrifuging and tho scrum, 
now diluted 1 in 10, was pipetted off. \\nicn multiple absorption was carried 
out tho suspensions were first concentrated by centrifuging, so tliat tho absorbed 
serum was not diluted more than 1 in 10. 

Agglutination experiments. These were performed by tho Droycr method 
and were rend after four liours’ incubation in a water-bath at G0° C. 


Experimental observations 

The selected strains were u.scd singly to absorb separate samples 
of serum. After absorption, every sample tvas tested in turn with 
sahne suspensions of each of the eight strains, which were found to 
fall into two distinct groups, I and II. Absorption with any one 
member of cither group abolished or markedly reduced the ability 
of a scrum to agglutinate any of the members of tlio same group, 
whereas members of the other group were agglutinated by the absorbed 
scrum at titres as lugh as they were by tho same scrum unabsorbed 
(tables I and 11). JIor6ovcr, in those experiments, the behaviour of 

Tahu: I 


Agglutinin-absorption tests with 8 selected coliforms and 
normal rabbit scrum 4 


A^plutinnlilc 

FU9pt*n*-Ion 

Somin 4 ftb<;orbo(l with 

.... 

pji 

rw 

PM 

CA 

C5 

m 

Cli 


PK 

R 

R 

R 

r 

u 

U 

U 


P\V 

R 

R 

R 

r 

u 

u 

u 


P.AI 

r 

r 

R 

r 

u 

u 

u 


CA 

r 

r 

R 

R 

u 

u 

u 


C6 

u 

u 

U 

U 

R 

R 

r 


C 7 

u 

u 

U 

U 

R 

R 

R 


CB 

u 

u 

U 

U 

R 

R 

R 

R 

PC 

u 

u 

U 

u 

r 

R 

R 

R 


TJ = titro luichnnged by absorption. 

R = titro roclucod by absorption to bolow 1 in 2o. 
r == titro reduced by absorption but not bolow 1 in 26. 


individual members of the two groups was not uniform. Thus although 
a serum absorbed by any particular organism failed to agglutinate 
the absorbing strain at a titre of 1 in 25, it might still be capable 
of agglutinating other members of the same group at or above that 
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titre. A consideration of these results led to tentative deductions 
about the antigen and antibod}' complexes concerned. 

Tadix II 


Affplutinin-absorj}tio7i tests vnth 8 selected cdlifortns and 
normal rabbit scrum 5 


AcRluttnabte 

suspension 

Scnim 5 flb?orbcd M^lth 

PR 

•pw 

PM 

CA 

C5 

C7 

CB 

PC 

PR 

R 

R 

R 

r 

U 

u 

u 

XJ 

P\V 

R 

R 

R 

r 

u 

u 

XT 

U 

PM 

R 

R 

R 

r 

u 

u 

XT 

u 

CA 

R 

R 

R 

R 

u 

u 

U 

u 

Co 

U 

U 

U 

U 

R 

r 

r 

r 

C7 

U 

U 

XJ 

U 

r 

R 

r 

r 

CB 

tr 

U 

U 

U 

r 


R 

R 

P6 

u 

V 

T7 

V 

T 

n 

R 

R 


Tot esplanotion of letters see footnote to table I. 


In tables III-V the suggested antigenic formula for each strain 
is given in the second column of the table ; the roman numerals 
represent common group antigens, the capital letters minor antigen 
factors. At the bottom of the columns from the third to the end, 
the corresponding group and minor antibodies in the untreated and 
absorbed sera are represented by arabic numerals and small letters. 
The results indicate either the dilution of serum giving standard 
agglntmation or the absence of any agglutination at a dilution of 
1 in 25. 

Tabia: ru 


Agglutination and agglutinin-absorption tests with group-I 
conforms and normal rabbit serum 4 


AgglntinaWe 

Senun 4 

suspensions 











absorbed with 


Xame 

Antigens 


PR 

PW 

P3I 

CA 

PU-i-CA 



2500 




250 




1000 




250 




2500 




125 

0 


IB 

1000 

1 125 

125 


0 

0 

Serum antibodies 

1 ab 

1 

b 

none 

a 

none 


Figures indicate serum dilution giving standard agglutination. 
0 = no agglutination at 1 in 25. 


Table III shows results with serum 4 and the group I strains. 
These organisms fall into three sub-groups and possess one or other 
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or botli of tlio minor antigens A and B in addition to the group 
antigen I. Tims ^vith tliis serum, absorption wtli lA strains leaves 
agglutinins only for the strains possessing the B antigen ; absorption 
with the IB strain leaves agglutinins only for the strains possessing 
the A antigen ; and absorjition with the lAB strain abolishes the power 
to agglutinate all members of group I, a similar result being obtained 
if the scrum is absorbed simultaneously with lA and IB strains. 
Serum 5 contained no detectable b agglutinin and the a agglutinin 
appeared to bo minimal (table IV), Similarlj' normal rabbit sera 


Tablu IV 

Agglulination and agghdinin-absorption testa rrith group-I 
Conforms and normal rabbit serum V> 




Apj’IutInnMc fa^pcn^Iona 


ultli 


Xninc 

1 AnllKon< 

un.Ab«or!K*tl 

rii 

rw 

I'M 


PR 

mm 

■Wj 

(» 

n 

0 


P\V 



0 

0 

0 

2.-. 

P.M 



0 

0 

0 


CA 


i 1000 

0 

0 

0 

0 

Sorura antibodies 

' la 

1 

none 

nono 

nono 

n 


See foolnotoa to tnblo IIT. 


from Leeds and from the Institute of Animal Pathologj', Streatley, 
wliich agglutinated lA and LAB strains, failed to agglutinate the 
IB strain. 


T.\ni.i: V 

Agglutination and agglutinin-absorption tests u-ith grottp-II 
Conforms and normal rabbit scrum 5 


Apchitirmblc 

susiKjn^Ion^ 

Scrum 5 

unabsorbctl 

nb<orl>otl with 1 

1 

Namc«i 

Antigens 

C5 


CB 

I’O 

cr+i>o 


m 

C5 

C7 

CB 

P 0 

II vx 

II ^VY 
II XY 
II XY 


0 

2.50 

125 

1000 

1000 

0 

50 

500 

500 

50 

0 

0 


25+ 

0 

o’ 

0 

25 + 

o’ 

0 

0 

’o 

Serum antibodies 


wy 

VX 

wr 



vr 

nono 


Soo footnotes to tnblo HI. 

25+ indicates standard ogglutinntion at a titro of 1 in 26 or higlior. 


Serum 5, however, clearly demonstrates the antigenic complexity 
of the group II coliforms. Table V shows that again there are three 
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sub-groups sharing a common group antigen II unth one or other or 
both of two minor antigens X and Y ; strains, however, wliich possess 
only one of these minor antigens have in addition a further antigen 
V or W. Thus absorption of serum 5 by any one group-II strain 
abolishes only the power to agglutinate that organism or a member 
of the same sub-group, the titres for the other members of the main 
group remaining in most cases quite Iiigh. If two strains are used 
simultaneously for absorption, onlj’^ the combination of ir\^X and 
int^ strains removes all the relevant agglutinins ; any other 
combination of two sub-groups leaves residual agglutmins for the 
third, which is agglutinated to a titre of at least 1 in 25. Detailed 
conclusions were not drawn from the results with serum 4 and the 
group-II strains (table VI) because of the relatively low titres of this 

Table tT 


Agglutination and agglutinin-absorption tests with group-II 
coliforms and normal rabbit scrum 4 


AggluUnaWe 

suspensions 

Scram 4 

unatsoibcd 

absorbed with 

■■ 

C7 

CB 

. 

P6 

C5 


0 

0 

25 

60 

C7 


0 

0 

0 

0 

CB 


0 

0 

0 

0 

P6 

2000 

50 

0 

0 

0 


See footnotes to table HL 


serum for strains C 7 and CB. It would appear, however, that serum 4 
contained group-II and at least two minor agglutinins. Agglutinins 
for group-II strains were also found in the Leeds and Streatley rabbit 
sera. 

The three a strains supplied by Dr Doris Stone and one strain 
received from Dr A. I. Messer all fell into the lA sub-group. In this 
connection it is of some interest to note that this was also the antigenic 
structure of the only two strains which underwent spontaneous loss 
of agglutinability during this work. 

finally, serum 4 contained agglutinins for an old laboratory strain 
of Shigella flexneri. These “ Flexner ” agglutinins were not removed by 
absorption with either group-I or group-II strains, and absorption 
with the dysentery organism did not affect the agglutinins for the 
coliform or paracolon strains. 


Discussion 

The sharing of antigenic factors between apparently unrelated 
organisms is being increasingly investigated (Bersohn and Lewin, 
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1945 ; Seligmann and Saplira, 194C), but Rome of tlie conclusions 
reached in other work of tin's kind do not appear to be entirely justified. 
Bridges and Taylor (1945-40) liavc already shown that “ B. wahefidd ", 
which was believed to bo serologically related to members of the 
Flexner group, did in fact possess the a antigen and that cross reactions 
obtained by Berger (1945-40) were due to the presence of a agglutinins 
in some of his agglutinating antisera. Similarly, the opinion of Weil, 
Binder and Slafkovsk}’ (1940) that agglutinins for " B. walxfidd” arc 
produced in response to inoculation with Shigdla sj}. Sachs Q 454 is 
probably ill-founded. Sevitt (1 945-40) reported that one of his paracolon 
strains was agglutinated “ to full titre, with the Newcastle (O.xford) 
serum ”, but since both Bridges and Taylor (1945-40) and I had similar 
experiences with a strains, it is not reasonable to conclude that such 
strains possess even minor components of dysentery bacilli. 

Wheeler, Stuart and Ewing (1940) described five serological groups 
of coliforms wliich were agglutinated bj'sera prepared against Shtgdla 
paradyscntcricc Boyd, t}i)e P 274. Since one of their antisera agglu- 
tinated ” B. wahcfidd ” at a titre of 1 in 5120 it may bo that some 
of their cross agglutinations were due to a agglutination. In a later 
communication Wheeler and Stuart (1940) reported that antisera to 
certain serological tj^pcs of non-raannitol-fcrmonting members of the 
genus Shigella agglutinated coliforms which “ possessed a Vi-like 
antigen present in Vi t 3 -phoid organisms and in certain coliform and 
paracolon cultures ”. This again suggests that a agglutinins ma 3 ’ 
have been a source of confusion. 

The present work confirms that natural agglutinins ma 3 ’ be present 
in considerable concentrations in the sera of uninoculated rabbits. 
Moreover, since evidence is produced for the presence of agglutinins 
here designated 1, 2, a, b, ” Fle.xner ” and probabW two others in 
serum 4 and 1, 2, a, v, av, .x and y in scrum 5 it appears that such 
natural agglutinins mn 3 ' be of considerable complexity*. Although 
Oxford standard diagnostic sera arc now absorbed with a strains to 
minimise the risk of errors in identification (Bensted, personal com- 
munication), it has now been shoAvn that the classical a strain 1721 
belongs to the present lA sub-group and AAill not exhaust all naturally*- 
occurring agglutinins for the IB and lAB members of the same main 
group. The demonstration in normal rabbit sera of a second comple.x 
of agglutinins capable of reacting with other Gram-negative bacilli 
serologically unrelated to the a-containing group, reinforces the A*ieAv 
that absorption Avith a limited number of agglutinable strains cannot 
be relied upon to eliminate all such sources of error. 

If rabbit antisera are used for analy'tical work on the sharing of 
antigens by different bacteria, the results should be controlled AA’ith 
sera obtained from the animals before inoculation. This precaution 
was recently obserA*ed by Ferguson and Wheeler (1946). 
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Summary 

In absorption experiments -nith sera from uninoculated rabbits 
and coliform and paracolon bacilli agglutinated b^* these sera, the 
organisms investigated fell into two distinct serological groups, each 
containing tlmee sub-groups. 

Three a, strains received from Dr Doris Stone belonged to the same 
sub-group. 

The “ colon-paracolon ” agglutinins were not those responsible for 
the agglutination of an old laboratory strain of Shigella flexneri by 
one normal serum. 

At least seven distinct agglutinins were recognised in each of the 
two normal rabbit sera investigated. 

I -svish to thank Dr Doris Stone and Dr A. I. ilesser for a strains and Miss 
C. L. Clark and Dr K. Zinnemann for normal rabbit sera from Streatley and 
Leeds. 
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THE QUAjSITITATWE DESCRIPTION OE THE 
ERAGILITY OE THE ERYTHROCYTE AND ITS 
APPLICATION TO THE STUDY OE ACHOLURIC 
JAUNDICE 

% 

George Discomse 

From the Department of Pathology, St Bartholomew’s Hospital and 
the Central Middlesex County Hospital, London 

Several quantitative studies of the lysis of erythrocytes by hypotonic 
solutions have been reported, notably by Whitby and Hynes (1935), 
Yaughan (1937), Creed (1938), Dacie and Vaughan (1938), and Colli 
(1945). tWo fundamentally different methods have been used : that 
of Simmel (1923), in -which the lysis is determined by counting the 
number of erythrocytes -which survive treatment with a given solution 
and comparing the result with a similar dilution in Hayem’s solution ; 
and those of Momigliano-Levi (1935) and Creed (1938), in which the 
hEemoglobin liberated is measured. Since the volume and concentration 
of hsemoglobin in the different cells varies, these two methods measure 
“ fragility ” in terms of two incommensurates and might therefore 
yield quite different results on the same blood. Further, though it is 
not particularly difficult to compare the concentra-tion of two solutions 
■with an accuracy of ±3 per cent., Lyon and Thoma (1881) have 
pointed out that the estimation of erythrocytes in a suspension is 
much less simple, for, apart from errors of calibration, the statistical 
error is such that to reach an accuracy of per cent, some 5000 
cells must be counted at each concentration tested ; to enumerate 
some 60,000 cells for each complete determination is quite impracti- 
cable. It is e-vident that for precise work a h£emoglobinometric method 
is essential, either that of Creed, or one which uses sufficient fluid for 
photometric or absorptionometric determination of the liberated 
hsemoglobin, such as that of Hunter (1940). 

AH observers agree that if the lysing concentration of salt be 
plotted' in rectangular co-ordinates against the percentage of hEemo- 
globin liberated, or against the percentage of cells lysed, then the 
experimental points Ke on or close to a smooth sigmoid curve, from 
■which it is easy to read off the concen-tra-tion of salt which causes 
50 per cent, lysis — the hl.C.F. or mean corpusevdar fragility. Attempts 
to describe the range, over which hsemolysis .occurred — ^the “ span ” 
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of fragllitj' — wore unsuccessful, so tJmt Dneie and Vaughan specify 
the range of salt concentration which covers IG to 84 per cent. ly.si.s — 
essentially an arbitrary range, while Gallo (I9 io) deveIoj)ecl an empirical 
equation to fit Colli’s figures. 

In 1940, Hunter claimed that if the results were plotted on arith- 
metic probability paper the curve became a straight line, and deduced 
that the fragility curve, as experimentally determined, is the first 
integral of the probability distribution of erythroGjic fragility with 
respect to salt concentration. If this be .so, then, if the intciwals 
of salt concentration were reduced so as to be very .small and if the 
difference between percentage lysis at one concentration and that at 
the next lower concentration were plotted against salt concentration, 
the resulting curve — the differential curve of frarjility — would approxi- 
mate closely to the normal (Gaussian) curve of errors, characterised 
completely by two parameters, the mean and the standard deviation. 
Such distribution curves are usual in measurements which are 
summations of the effect of large numbers of similar but distinct 
events, and the use of arithmetic probability ])apcr in describing 
them has a practical value, since with a straight line one may 
interpolate, or even extrapolate, with considerable accuracy ; in the 
normal distribution of errors a range of ± twice the standard deviation 
about the mean includes 9o per cent, of the area under the curve ; 
so that if the concentrations of salt which produce 2-5 per cent, and 
97*5 per cent, lysis are read off, the difference between them is equal 
to four times the standard donation. The fragilily of crythroc^dcs 
should be described completely by determining the 3I.C.F. and its 
standard donation. 

Recentlj', Parpart c( al. (1947) reported a more detailed stud^' of 
fragility, confirming Hunter’s observations, and showing that pH 
and temperature are important variables ; their method, using buffered 
salt solutions, appears likol 3 ' to become the standard method. In the 
present stud}*^ unbuffered salt solutions, initiallv at pH G'4, were used 
to study the fragilitj' of normal erj'tlu-ocj'tes and er 3 'tliroc 3 d:es from 
patients with acholuric jaundice (familial hremohytic anromia) and 
other anajmias. 

Method (modified from Hunter) 

Venous blood containing 2 mg./ml. of Holler and Paul’s (1933-34) oxalate 
mixture is aerated bj- rotation for 4-0 mins, in a 0 in. x 1 J in. tube. Into each 
of a series of tubes containing 10. ml. of the different concentrations of sodium 
chloride is measured 0-1 ml. of blood, tho tubes stoppered, mixed by inversion, 
and after 30-46 mins., centrifuged at 2000-3000 r.p.vi. for about 10 mins. 
The supernatants are compared in a photo-electric nbsorptiometer, using an 
Ilford spectrum yellow (no. GOG) filter, and a dilution of 0-1 ml. of blood in 
10 ml. of 0-1 per cent, sodium carbonate is used ns a standard. It lind been 
ascertained that with this filter, which isolates light absorbed bj- tho a-band 
of oxyhasmoglobin, tho Lambert-Beer law is followed. TJio salt solutions, 
of interval of 0-02 per cent., wore prepared from a 1 -0 per cent, solution checked 
by titration with silver nitrate, using diohlorfluorescein ns indicator. 
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Results 

Tliis is a most troublesome anal 3 ’sis, as haemolysis sometimes 
occurs in a single tube for no apparent reason. It was found necessary 
to measure out the salt solutions and let them stand overmght before 
satisfactory duplicates could be obtained. :Measurements of slight 
hajmol 3 'sis are inaccurate owing to the small galvanometer deflection, 
wliile when more than 95 per cent, haimoglobin is liberated, measure- 
ments again become inaccurate owing to the pecubarities of the scale 



Pjo. 1. ^Fragility curves plotted on arithmetic probability paper. Four normal subjects 

not individually labelled. I and II, classical acholuric jaundice before splenectomy ; 
in, the same 14 days after splenectomy ; IV, largest range of fragility encountered. 
Mean=50 per cent., — 2o=2-5 per cent., +2(7=97-5 per cent. Hb. liberated. 

of extinction ; reliable results are obtained only between 5 and 95 per 
cent, bsemolysis. Bearing in mind these limitations (which are present 
in some degree in all methods) the results for normal blood do not 
disagree with Hunter’s statement. The experimental points fall on, 
or close to, straight lines (fig. 1) ; the M.C.F. and standard deviation 
obtained from 10 normal subjects are given in table I, together with 
estimates of the range which should include 95 per cent, of aU normal 
subjects, calculated by the method of MaskeU (1930, quoted by 
Fisher, 1942). 

These results agree satisfactorily with those of Whitby and Hynes 
and of Colli, but the values of M.C.F. are higher than those of Dacie 
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and Vaughan. Since thc.sc authors u.'sed a dilution of I part of blood 
in 26 parts of saline, this difiorcncc is probably duo to a difference in 
final salt concentration. 

Taulk 1 

Mean corpuscular fragilily and standard deviation of fragility for 
ten normal subjects 


JI.e.r. (pcrri’titaKi' XnCl) 

SlAnilanl OfvlAtlon 
(pt-rernutrr NnCI) 

0-1.18 

0-030.30 

o-iir. 

0-027.30 

0.43.’; 

0-02700 

0-130 

0-02000 

0-420 

0-032.30 

0-1 2.3 

0-0207.3 

0-424 

0-02300 

0-122 

0-0282.3 

0-412 

. 0-03000 

0-408 

0-030.30 

Mean 0-1238 

0-02880 

Jlaximum 0-4-184 

0-034CS 

Minimum 0-1032 

0-02202 


A variety of auffimic patients were bivcstigatcd by moans of tliis 
technique. In the majority the M.C.F. was within normal limits, 
though the standard deviation of fragility was increased, but in only 
one patient did it exceed 0'04G per cent, (curve IV, fig. 1). Examination 
of a family of patients suffering from acholuric jaundice (fig. 2), 


I 

II 

ni 

rv" 


1 □ 


"75 75 7 ^ 6 '} ) 75 

I i 2^ 


Fjo. 2. — ^Family treo. Sj-mbols of Eugenics Society : males, squares ; females, circles ; 
sibs whoso sox is unimorm or not significant, diamoncLs ; solid squares or 
circles, abnormality present. Arrow indicates propositus. Successive generations 
numbered in roman numorais. 


however, gave rather surprising results, wluch ma}’- be of some 
diagnostic importance. 
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Case sumraarios (boo fig. 2) 

Case. Ill 6. The propositus, III 5, aged 15 years, was admitted 
to Hill End Hospital on 1st February 1946 with a left-sided lobar 
pneumonia and pleural effusion, wliich responded satisfactorily to 
treatment. He gave a liistory of attacks of jaundice lasting from 
2 days to 2 weeks, during wliich he felt a distaste for fatty foods and 
passed dark urine ; his first attack had occurred in January 1944, 
the most recent on 23rd December 1945. His spleen and liver were 
palpable 2 in. below the costal margin and the sigmficant laboratory 
reports showed constant slight urobilinogenuria, constant reticulo- 
cytosis fluctuating between 3-2 and 11 per cent. ; erythrocj'ie fragilit3’' 
increased on two occasions — ^M.C.F. 0-483 and 0-467 per cent., standard 
deviation 0-0325 and 0-025 per cent, respective!}’’ ; Coomb’s test for 
autohsemolj’sins negative. Splenectomj’’ was performed bj’^ Mr J. P. 
Hosford on 30th April ; recoverj’^ was uneventful. 

The other members of the family were seen at least once and the 
results of the laboratory examinations are given in table II. 

Tabi^: n 


Hcemalological data of members of the family studied 


Subject 

1 

FraglUty 

Halo- 

meter 

W 

Prtcc-Jones curve 

Cell tliickness t 

M.C.F. 

S.D. 

* ] 

Hean 

W 

S.D. 

SUcro- 

C}tO«Li 

(per 

cent.) 

Macro- 

cytosh 

(per 

cent.) 

eiT 

3icrr 

3ICT 

3rCT/ 

MCD 

n 1 

O-I 

0-430 

0-029 

7-3 









ll *2 

<0-1 

0-435 

0-0275 

7-2 

7-215 

0-4392 

0 

0-2 

3-1 

... 

... 


n 3 

0-6 

0-458 

0 0312 

7 15 

7 125 

0 4642 

0 

0 

0 48 




n 4 

0*5 

0 449 

0 028 

7 2 

7 335 

0 4579 

0 

0 

0 052 




II 6 

01 

0 424 

0-023 

7-0 

7-1175 

0-4268 

0 

0 

4-1 

100 

2-52 

2-82 

ni I 

0-3 

0-435 

0-027 

7-1 

7-0995 

0-4266 

0 

0 

1-67 




IV 1 

1-3 

... 


7-3 

7-0475 

0-5237 

1 

0 

16-7 




11 5 

3-5 

0-480 

0-0235 

6-8 

6-910 

0-641 

5*4 

0-6 

2-65 

92-7 

2-48 

2-78 

in 3 

6-0 

0-479 

0-046 

6-55 

6-4825 

0-4965 

14-8 

0 

0-447 

90-4 

2-71 

2-38 

111 4 

6*7 

0-480 

0-0325 

6-15 

6-5545 

0*565 

17-8 

0 

1-3 

102-7 

3-15 

2-16 

HI 5^ 
IV 2 

0-2 

3-0 

0-486 

0-025 

6-5 

6-6825 

0-4819 

7-4 

0 

1-73 

115-5 

3-29 

2-03 


* Five months after splenectomy. 

t In terms of Its standard deviation — a measnre of asymmetry, 
t Pleasured with apparatus not standardised by X.F.L. 


Case n 5, aged 49, had always enjoyed perfect health ; he would 
ac^it no symptoms suggestive of ansemia or of gall-bladder disease. 
His spleen -was not palpable clinically and radiological examination 
showed its size to be within the limi ts of normal. 

Case m 3, aged 24, had always been healthy and her two con- 
finemlnts had been normal. Her spleen was not palpable nor was it 
enlarged radiologically. 
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Caso III 4, aged 23, Imd ahvnj's l)con hoaltlij'. Her spleen was 
palpable on full inspiration and grossly enlarged rndiologically. In 
March 1947 she developed a slight, and evanescent jaundice. 

Case IV 2, aged 2, was healthj- and had never been jaundiced. 
Her spleen rvas not palpable nor enlarged radiologically, but full 
hajmatological examination was not ])crformcd because she objected 
vigorously. 

The subjects I a, II 1, 2, 3, 4, G, III 1 and IV 1 were all examined 
jind found normal. 

Discussion 

The fragility curves of norma! .subjects and of affected members 
of the family T (fig. 2), yield, when plotted in rectangular co-ordinatc.s, 
smooth .sigmoid curves ; or, on arithmetic probability paper, straight 
lines. Comparable curves from patients with cla.s.sical acholuric jaundice 
varj» considerably in form (fig. 1, 1 and II before, HI after splenectomy), 
but usually .show only a .small proportion of hmmoglobin liberated 
at high concentrations of NaCl (f/. Dacio and Vaughan), while mo.st 
of the haemolysis occurs quite clo.«o to the normal range. Such ciirve.s 
may bo closely imitated if one rogard.s them as the .sum of two or 
tlirce fragility curves, each curve witli its own M.C.F. and standard 
deviation. This suggests that in classical acholuric jaundice two or 
three groups of cells, differing in Itl.C.F. and its standard deviation, 
co-exist and together malvo up the red cell population studied. 

It is doubtfid wliether transition between the cla.ssical form of 
acholuric jaundice with a bi- or trimodal fragility curve and the 
unimodal form exemplified by family T can occur. In the classical 
form, increase in fragility appeal's constant except during intense 
hscmoljdic crises. If transition between the two forms did occur, 
the chance of finding both in this family would be ajipreciable. Indeed, 
if the two phases were of equal duration the chances would be 15 to 1 
against finding the results reported licrc. Further, one other unrelated 
patient with a unimodal curve has been seen, and over a period of 
.some ‘years liis fragility has been qualitatively only just recognisably 
increased. 

An attempt ivas made, on the lines laid down by Race (1941-42). 
to demonstrate linkage with OAB, Rh blood groups, salivary secretion 
of AB group-specific substance, ability to taste phenj-lthiocarbamide 
1 ; 20,000, presence of brown pigment in the iris, presence of hair on 
the middle phalanges, liyperextensibility of the thumb and attachment 
of the ear lobes. The blood and saliva were examined by Hr S^'lvia 
Lawler of the Medical Research Council Blood Group Research Unit, 
to whom I am indebted for permission to quote her results. The data 
obtained are given in table III. No individual with hj'pcrextensible 
thumbs, and only one Avith attached ear lobes, was observed: all 
were right-handed. All affected individuals were secretors of blood- 
group substance (except IV 2, who was not tested), but this only 
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mdicates that future studies of this condition should include tlvis test. 
The results arc too few to justify any comment. 

T,vni.t: III 


Tests for linkage with gmctically determined factors 
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Conclmicm 

One may submit, as a provisional hypothesis, that famihal acholuric 
jaundice with its unimodal fragility curve appears to be genetically 
distinct from the more usual form of the disease, though it is inherited 
in the same way as an autosomal character difference with marked 
single dose expression. ChnicaUy it differs from the classical form 
in that splenomegaly is inconstant, and the manifestations of the 
disease are extremely mild. 


Summary 

1. In normal subjects the osmotic fragility is normally distributed 
about a mean, and can be described completely by stating the mean 
corpuscular fragility and its standard deviation. 

2. In classical acholuric jaundice the fragility is not normally 
distributed and there appears to be more than one population of red 
cells present. 

3. A family is described, several of whose members suffer from 
acholuric jaundice, but who present a unimodal fragility curve. 

4. It is suggested that this family is affected by a form of acholuric 
jaundice genetically distinct from the classical form of the disease. 

1 atn indebted to Dr E. B. OuUinan for permission to publish this account 
of his patient, and to Dr George Simon for the interpretation of the radiographs. 
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SHORT ARTICLES 


6i6 . 455 — 008 . 64 — 053 . 3 

ADDISON’S DISEASE DUE TO CONGENITAL HYPOPLASIA 
OF THE ADRENALS IN AN INFANT AGED 33 DAYS 

H. SiKL 

Prague 

(Plates L\T[ aijd L\’n) 

Aplasia or high-grade hypoplasia of the adrenals is known to occur in 
anencephalic monsters and other forms of severe malformation of the central 
nervous system. As these developmental defects are incompatible with post- 
natal life, Addison’s disease fails to make its appearance. During foetal lif& 
the maternal adrenals are obviously able to substitute for the deficient adrenal 
function of the foetus. 

There is, on the other hand, in the older literature (Crosby, 1930) a number 
of cases of Addison’s disease in adults in which the adrenals could not be found 
at the post-mortem. Such cases are generally considered as congenital aplasia 
of the adrenals. This Anew, however, is open to criticism, since, in the light of 
present knowledge of adrenal function, it is scarcely admissible that an individual 
with adrenal aplasia could reach adult age. It is far more probable that in 
these cases the condition of the adrenals was acquired during post-fcetal life, 
and was of the nature of inflammatory or non-inflammatory atrophy. Some 
degree of congenital hypoplasia, however, may be assumed as a basis for later 
involvement of the adrenals in pathological processes of various kinds, including 
even tuberculosis, which is generally admitted to develop on the basis of an 
inborn inadequacy of the adrenal glands. This may apply particularly to cases 
of Addison’s disease in yoimger children, of which Chemin (1910) was able to 
collect 55 examples. The youngest cases so far known seem to be those of 
Belyaeff (7 davs) and Cannata (18 months) (both cited from Klein and Kux, 
1932). 

Newer observations of this kind are those by Klein and Kux (12-year-old 
female with tuberculous destruction of the adrenals), Casaubon and Cossoy (1940) 
(12-year-old female), as well as Rosin and Friedman (1943) (7-year-old male; 
no autopsy). Wakefield and Smith (1927) mention a family in which, in addition 
to a case of Addison’s disease in an adult, seven males in four generations had 
bronzing of the skin from birth. 


Case report 

ily own case is that of a male infant who died at the age of 33 days. 
Unfortunately the patient could not he given adequate clinical study as he 
was moribund on admission and died the same day. According to the mother’s 
statement, subsequently elicited, the child was bom at full term and weighed 
3700 g. It appeared healthy at first but did not take the breast well, and it 
gamed very little weight in the first two weeks. At three weeks a greyish- 
To^ discolouration of the sldn became apparent and grew deeper imtil death, 
sthenia was not conspicuous. Later the babv developed diarrhoea and the 
course was steadily down hill. 
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On admission tho child appeared decidedly ilt-nourishcKl, weighing only 
3000 g. There was marked discolouration and much acnling of tho skin. The 
heart's action was slow and tho sounds were weak. 

Tho post-mortem (1800/45), performed 20 hours after death, disclosed rather 
sovoro enteritis and confluent bronchopneumonia. Tho skin showed conspicuous 
brownish pigmentotion which was partly masked by sealing. 'J'hcro were some 
pigmented spots in tho oral nmeosn. Sections of tlic skin stitined by Masson's 
method for melanin (fig. 1) clearly showtsl tho accumulation of pigment in 
tho epidermis with none in tho corium, as is cliaraeteristic of Addison's discoHO. 

Tho discolouration of tho skin iintumlly directtsl attention to tho ndronnlfl, 
which wore found to bo very hypoplastic, measuring only 10x8 and 12x8 mm. 
respectively, and littio more than 1 mm. in thickness (fig. 2). In order that 
tho specimen might bo j)rcscr\'ed for tho museum tlio adrenals were not wcighc<! 
and only n thin slice was taken from each for microscopic examination. 

Fig. 3 shows tho whole of ono adrenal in transvorso scs-tion, with a nonnnl 
organ of tho same ago for comparison. Ono may t“ititnalo tho volume of the 
hypoplastic organ as being only about ono-hundre<lth of tho normal. With 
higher power (fig. 4) tho architecture of tho adrenals nppcare<l rather irregular. 
Cortex and me<hilla coukl not bo distinguishod, and then' were areas of highly 
vascular loose fibrous tissue. 'J'he trabecular arrangement was indicated onlj' 
m places and many' of tho individual cells shoned definite hyjierfrophy. Iso 
signs of inflammation or of old blood-pigment could bo detected. 

At first sight ono had tho impression that tho whole of tho tissue might 
bo composed of medullary colls. To decido this wo made use of tho stain 
suggested by Bodian for ner\'o axon fibres. As was shomi by my colleague 
Dr Fingcrland (1040), this method gives very selective staining of tho moelullary 
colls, tho plasma of which appears fillerl with purplish-black gnmulc.s, while 
tho nuclei remain unstained. This contrasts with tho cortical cells, in which 
the nucleus is clearly stainwl hut there are no purmulos in tho plasma. This 
stain, when applied to onr case (fig. 5), showo<l that tho tissno was mainly 
composed of cortical colls hut that there wore scat tercel single inwlullary clomcnfs, 
particularly in tho vascular areas. 

llio hypophy.sis appeared inicroscoi)ically nonnal, and tho degree of dificr- 
entiation of tho chromophilic colls was approximately tho same as that of o 
normal child of this ago. There were no obvious clmngos in Dio testes. 

Summary 

Wo believe that this is a case of true congenital hypoplasia of tho adrenals 
and not tho result of hremorrhngic destruction of those glands at birth. Although 
adrenal insufficiency may not have been tlio imnicdialo cause of death, wo 
consider that tho bronzing of tho skin and pigmentation of tlio oral mucosa, 
together with tho poor atnto of nutrition and weak heart notion, warrant tho 
diognosis of Addison’s disease. 
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Fio. 4. — Section of hj-poplnstic adrenal, showing the irrcgnlar arrangement of the 
parenchjTna cells, which are partlj’ hypertrophied. There are areas in the centre 
of the gland of highly vascular tissue in which no medulla can be identified. 
Hiematoxj’lin and eosin. x 20. 



Fig. 5.— Section of the vascular tissue shown in fig. 4. Scattered isolated medullary 
cells are indicated by arrows. Cortical cells (to left) are very faintly stained 
Bodian’s stain, x 200. 
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578 . 65 : 612 . 396 . 112 : 616 — 091 . 5 

THE HISTOLOGICAL DEr^IONSTRATION OF GLYCOGEX IX 
XECROPSY JIATERIAL 

.1. Vali.akce-Ow'kx 

From the Bernhard Baron Iiislitule of Pathology, London Hospital 

Considerable confusion surrounds tho question of tbo rapidity "with wliich 
glycogen disappears from tbe tissues after deatli and. tbo bebaviour of tbis 
substance in different fixatives, particularly' formaldehyde. Tlio prevalent 
test-book conception is ivell exemplified by’ Boyd (1944, p. 334). ‘ Glycogen 
in the normal liver is notoriously’ difficult to demonstrate, unless it is examined 
for immediately after death and the tissue is fijced in absolute alcohol, for tbe 
glycogen is rapidly converted into glucose by tbis gly’cogenolytic ferment and 
as it is soluble in crater it is dissolved out by a rvatery’ fixative such as formalin ”. 
YetKiilz (1880-81) vras able to estimate glycogen in considerable quantity in the 
unfixed liver of various animals after it bad been kept at room temperature 
for as long as eight days after death. It appears from tbis early observation 
and from later ■work (Gamier and Lambert, 1897 ; Bobbitt and Deuel, 1940 ; 
S-wensson, 1945) that, although glycogen is lost from the tissues after death, 
the disappearance is far slo'wer than is generally supposed. Eomeis (1932) 
states that the setting free of glycogen after death is greatly hastened by the 
action of -water ; all contact 'with water or physiological saline is to be avoided, 
but he adds that Arndt recommends 4 per cent, formaldehyde saturated -with 
grape-sugar as a fixative. Popper and Wozasek (1930-31), using o per cent, 
formaldehyde as a fixative in a few cases, obtained satisfactory demonstration 
of glycogen -with Best’s carmine stain, though they thought there was some 
loss in comparison -with alcohol-fixed tissue. Brian et al. (1937) succeeded in 
demonstrating glycogen in slices of heart muscle, liver and kidney kept for 
two months in dihite formalin (U.S.P. 1 ; 10). Bouin’s fixative has been 
recommended for this purpose (Lison, 1936) and has been successfully used in 
this Institute for several years. 

The follo-wing investigations were made in order to find out to what extent 
the paraffin blocks of formol-fixed material, collected from necropsies in pte-vious 
years, could be used in an investigation of the glycogen content of the liver. 

The principal factors requiring control are ; — 

1. Length of time between death and fixation of tissue. Many of our 
necropsies ate performed 18-48 hours after death, the body being preserved 
meanwhile in the cold chamber. 

2. Exposure of tissue to air at room temperature. At necropsy the organs 
may be so exposed for 1-2 hours before portions are fixed. 

3. Length of time in formaldehyde. Though it is undesirable that blocks 
should be kept for more than a few days in this fixative, there have been periods 
when, for various reasons, the time has been extended to weeks or months. 

4. Washing in water overnight before taking the blocks through graded 
alcohols. This step has been omitted in this Institute since 1930. 


Technique 

Two rabbits, each of approximately 2 kg., were fed on balf-a-pound of carrots 
m addition to their usual food for three successive days. After the last feed 
e rabbit was ansesthetised -with chloroform until muscular relaxation was 
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cornplofc, tlio tliornx opened iind tlio honrt oxeiwl. The liver wns nt once 
removed find picccfi of the orgnn trefvtfxl lift followH : — 

1. Inimedinto fixiition (i.r. wifliin 10 minute^) in ntmolute nlcoliol and 
Bonin’s fluid respectively for standartl eontroLs. 

2. Fixation similarly in •! per cent, formaldehyde for 24 and 48 honm, and 
4, S, IG and 38 days. 

3. Exposure to air on tlio boncli nt niom temperiituro for two hours and 
then fixation, (rt) in formaldehyde, (It) in Houin’s fluid, 

4. 'Jlie remainder of the liver woh incamvhile placed in a. jar with a ground- 
glass stopper and put in the refrigerator nt a lempernturo of nbout 3“ C. After 
IS and 48 hours rcspeetivoly pieces worn fixwl in (a) fortnaldeliydo nnrl (6) 
Bonin’s fluid. 

After 24 hours in each fluid the tissue was tmnsfernsl to 00 jier cent, alcohol, 
thereafter to three changes of absoluto alcohol, onoliour in each, left in chlorofonn 
overnight and embedded in paraffin wax. Also, after 4 dnj-« in formalin, pieces 
were plnee<l in water for 12 hours before being taken through the grnijc<i alcohols 
and cmbeddctl. 

Sections of an avcnigc thickness of G or 7 g were floalcsl on 70 per cent, 
alcohol at o.'i-OO'’ C., mounted and flricd, and after removal of tho paraflin 
were covered with a film of 1 per cent, celloidin. 'J'hey ivcre then stained with 
htcmatoxylin and Best’s cannino (seo Carloton and Leach, 1038, pp. IOC and 171). 
'fwo of the sections, fixcil in Bouin’.s fluid and fonnalin respectively, wero covcnsl 
with celloidin and treated with salix'a for 16 minute-i before staining. 

i?r.«dtA 

The saliva-treateil sections were devoid of glycogen. All the others eontnincil 
largo amounts of glycogen in the ej'tojilo.sin of the liver parenchyma, llie 
glycogen particles wore smaller in tho alcohol-fixeil tissue than in tho tissue 
fixed by other mcthoila. With these exceptions there were only slight qualitative 
dificrences in tho histological appenranco of the romninder of tho scries. 

An attempt ivas made to grade them in rcsjjcct of the fimoimts of glycogen 
present, with tho following results. 


'fAni.i; 


Effect of various methods of fixation on liver oh/cogeii 


Method of fixation and other treatment 

Rabbit A • 

Rabbit R 

Bonin’s fluid 24 hours , . . , . 

-i~ -f- 4* 


Alcohol 24 hours ...... 

4* 4- 4- T* 


Fonnalin 24 and -IS hours ..... 

+ -r -r 4- r- 

4 . - 1 . 4 , 4 , 4 , 

„ 4, 8 , 10 and 38 dniTi .... 

-r + 

^ 4- 4 ^ 4 - 

2 hours in air, Bonin or fonnalin 24 hours . 

4" 4' 

4- 4 - 4 - 4 - 

Befrigorator 18 hours, Bouin 24 hours . 

4- 4- 

4 - 4- 4 - 4 - 

„ 18 ,, formalin 24 hours 

4 . .j- 4 . 4_ 

4 - 4 - .f. 4 - 

„ 48 „ Bouin 24 hours . 

4* 4- 


„ 48 „ fonnalin 24 hours 

+ 4 - 4 - 

4- 4- 4- 4- 

Water 12 hours, after formalin 2 and 4 dava. 

.j., 4 . 4 , 4 _ 

4- 4-4-4- 

Treated with saliva, Bouin 24 hours 

— 


„ „ fonnalin 24 hours 


— 


Rabbit A was killed durlni; a spell of li 


ot summer weather. 


Discussion 

Tho allocation of only 4 + to the alcohol controls is perhaps due to tho more 
finely particulate character of tho glycogen in these sections, together with 
shrinkage of the cellular elements. Rabbit A was killed during a spell of hot 
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Slimmer -weatlier, ^vhich may explain the apparent greater loss on exposure of 
the tissue to air than in rabbit B. Tlio results in rabbit B were in fact remarkably 
imiform. Taken ns a ^vholo there can be no doubt that formaldehyde is as 
efHcient a fixative for glycogen ns Bouin’s fluid or absolute alcohol. In it there 
is only slight deterioration after ns long ns 38 days, while treatment of the tissue 
in running water appears to entail no loss of glj-cogen. Xo appreciable loss 
followed storage in the ice chest up to 48 hours. 

The implications of these observations are both practical and theoretical. 
On the practical side it is clear that any formalin-fixed tissues embedded in 
paraffin can be stained for glycogen provided that the sections are cut and 
mounted in the appropriate way. Tlicoretically it appears desirable to modify 
the current idea that the glycogen stored in von Gierke’s disease is in some 
way different from ordinarj* tissue glycogen, or, alternatively, that it exists 
under different conditions of storage. For this idea is largely based on the 
persistence of the glycogen for considerable periods in formaldeh 3 'de, c.ff. 
3 weeks (Ellis and Fajme, 1936). There appears to be nothing remarkable in 
this in the light of the above obsen’ations. 

I should like to thank Professor Dorothj- Russell for her invaluable 
encouragement and criticism, and Mr Victor Trenwith for technical assistance. 
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576 . 851 . 42 : 615 . 778 

A SniPLE METHOD I'OR TESTING DYI^ SENSITIVrrV OE 
I3UUCKLLA SPECIES 

.7. C. CltOICKKItANK 

From the Dcpartmrnt of Ii(ictrrio]o(j\j and Inwiutinlorjij, 

Ijondon School of IJygirnr and Tropical Ulcdicinr 

(Pi^TT LV7II) 

Tlio ability of Hr. rnclitcnmA, Hr. abortus nntl Hr. sitis U> f,Tow in tbo pre^onro 
of certain aniline clycM forms one of the most important criteria for diKtingtiisliint; 
tliCKO fipccics, Tlio dye-sensitivity test, first descrilxyl by Hiidtlleson and Abell 
(1928), was further developed by Htuldlesoii (1029, 1031), and, although Bubjccted 
to Home criticism by certain workers, ha.s been favourably rcportcel upon by the 
majority of those who have ti«e<I it (Toploy anfl Wilson, 10-10). 

Tlio technique u.sually cinplo 3 ‘<sl for determining the bacteriostatic action 
of the dv'cs is that recommended b\' Iluddleson. D^'cs obtained from the 
National Anilino Cliemical Companj' of New York, or fitandar<li.«c<l against dyes 
obtained from that Pouree, phould be userl. Stock polutions in fiO j)cr cent, 
alcohol of tliionin, basic fuch«in and methyl violet (1-0 per cent.) and of pjTonin 
(O-.'j per cent.) are iiropnre<l. For tiee, approjiriato amoimt.s of the.so polutions 
arc added to liver-infusion agar, pi I G-fl, to make dj’o plates rontainirig 1 in 30,000 
and 1 in 00,000 of thionin, 1 in Ofi.OOO and 1 in 1)0,000 of basic fuchsin, 1 in (50,000 
and 1 in 100,000 of methyl violet and 1 in 100,000 and 1 in 200,000 of pjTonin. 
Hon%*y inocula of the orgnni.sms to bo tested are spread over arcit-s 1 cm, in 
diameter on these platc-s and on a control plato witliout dj’c. The amount of 
growth i.s observed after 3 daj’s' incubation. 

For this technique, nine plates are required if t he four dj’es are used. I'urthcr, 
tho preparation of the plates i.s troublesome, sinco the agar and the dj’o .solutions 
have to bo kept near boiling point before mixing, tho glnas-vvaro }m.s to bo handltxl 
hot and tho plnto.s have to bo rocked gcntlj’ from time to time during tho Petting 
process to prevent precipitation of tho dj-e. 


Simplified method 

Tho method now de.scribod wn.s dcvi.scd a-s a rapid and economical method 
of testing strains without olaborato preparation. Tho filter-paper strips which 
aro u.sod can bo jircparcd and stored until required. 

Strips of filter paper (Postlip 633) measuring 0x0-5 cm. arc placed in Petri 
dishes and sterilised in tho autoclave. Each slriji is then picked up with sterile 
forceps and ono end dipped in an aqueous solution of tho dj-o, which rapidli* 
saturates it. Tlio papers aro replaced in tho dish and dried in tho 37° C. incubator 
overnight. Tho dj’o strips, which can bo kcjit in tho Petri dishes or in scrow- 
capped bottles, remain effective for an indefinite period. Tho concentrations 
of tbo dj'es which have been found satisfactorj’ for impregnation of tho paper 
are ns follows : — thionin 1 in 800, basic fuchsin I in 200, mothj’l violet 1 in 400 
and pyronin 1 in 800. 

For use, strips impregnated with each of tho dj’cs aro laid in parallel, cquall.v 
spaced, on tho surface of a plato of liver agar, and a tube of tho same medium 
(12 ml.), molted and cooled to 50° C., is poured on top. When tho agar lias sot 
the plate is dried in tho 37° C. incubator. 

Milky su.sponsions of tho brucella strains to bo tested, including loioivn 
strains of Hr. mclitensis, Hr. abortus and Hr. stiis, aro prepared by adding about 
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one ml. of broth to liver-agar slope cultures grown for 2 days in scrow-capped 
bottles and emulsifying some of tho growth with a loop. Tlio dyo plato, previously 
marked into sections with a grease pencil, is tilted slightly and inoculated with 
the brucella suspensions in strips at right angles to tho filter papers by means 
of a fiat loop spreader 8 mm. in width. When dry tho plates aro incubated 
at 37° C. in 10 per cent. CO. and inspected after 2 and 3 days. Tho results are 
usually distinct after 2 day.s’ incubation. Up to six strains may be tested on 
one 4-inch (lO-cm.) plate. 

Results 

A typical result is shown in the figure. Photography of the plates is difficult 
owing to the range of colours of the four dj-es. It will bo noted that organisms 
not susceptible to the dyes grow freely up to and across the strip, and that 
sensitivity is indicated by inliibition of growth extending for distances up to 
10 nun. from the edge of the strip. 

JTumerous recently isolated strains of Br. abortus and Br. melilensis, and a 
number of stock strains of these species and of Br. suis, have been examined 
in parallel by this method and the usual Huddleson technique. The two methods 
have yielded similar information in regard to dye sensitivity. The use of control 
strains of known behaviour is of course essential. 

The majority of strains of Br. abortus are inhibited by thionin but grow in 
the presence of the other dyes ; certain strains from Southern Khodesia have 
greater resistance to thionin and a small number of strains are unduly susceptible 
to all dyes. Most strains of Br. melitensis grow on all the dyes but some sensitivity 
to pyronin and occasionally to thionin and methyl violet is not infreqaent. 
Strains of Br.melitensis which are sensitive to thionin are also sensitive to methyl 
violet and may thus be recognised ; methyl violet should therefore not be 
omitted. Br. suis grows in the presence of thionin only ; strains of Danish 
origin are more sensitive to all dyes than American strains, but they are also 
less sensitive to thionin than to the other dyes. The dye-sensitivity test is of 
considerable value for the differentiation of brucella species if it is used, as 
Topley and Wilson suggest, only in conjunction with the other available tests. 

The deep-strip method of applying selective bacteriostatic agents can be 
applied to the isolation and study of other bacterial groups, but for such purposes 
it probably has no advantage over the more orthodox methods. 

Summary 

A simple method of testing the bacteriostatic effect of dyes on organisms 
of the genus Brucella is described, the dyes being incorporated in filter-paper 
^nps einbedded in liver-agar plates. The method has proved of value in the 
differentiation of brucella species. 

I am indebted to Six W. T. Bush for the preparation of the photograph. 


BEFEBENCES 


Huddussok, I. P 

Huddleson, I. p., and Abem., 
Elizabeth 

Tobiby, W. W. C.. and Wilson, 
G. S. 


1929. Mich. State College Agric. Exp. Sta. 
Tec. BuU; no. 100. 

1931. Amer. J. Publ. Hlth., xxi, 491. 

1928. J. Inf. Dis., xfiii, 81. 

1946. Principles of bacteriology and im- 
munity, 3rd ed., revised by G. S. 
Wilson and A. A, Miles, Londm, 
vol. i, pp. 820 and 821. 



330 


.1. JKGLIS 


6i6 . 65 — 018 . 7 

SQUAMOUS MICTAPLASIA IX THK PKOSTA’I’l': ASA UKSULT OF 
STI LBCKSTUOL TI I KU AP Y 

Ai.i:xan ih;ii I nous 

From the Drpartiiinit of J’atholoijij. the Uuivrrsili/ of St Andmes 
and the Jtni/al Jufirmari/, Duudrr 

(Pr^T);*< LIX AM) I,X) 

Tlio following report describes tlio efft'Cl of Ptilbo’slrol on tlie nonnnl Innnnn 
prostnto, llie drug Imving been iidininistored becniiso of Knspcctwl prostntic 
cnnccr. 

Casr hixton/ 

Tlio patient, .T. li., ngo 39, firnt cmno under observntion in ,TnIy 1912 with 
n gradiml protnisioii of tho right eye. Tliis was thought to be due to intra- 
orbitnl ncoplnsm and mdiotlienipy was undertaken, but it .soon beennie obvious 
that no encct was being produced. In October lOlI the site was invest ignte<i 
Hurgically by Mr Xorinan llott, who removed a tninonr from the orbit, 'lliis 
proved lii.stologically to be a carcinoma of large elear-coH type, with no obvious 
indication of the nitc of tbo primary growth. In March 1910 the )iaticnt retunicsl 
to Dundee Koynl Intirmnry and X-ray e.xainination now revealcsl ttimour 
tioposit.s in tho skeleton. Ho looked much older and thinner tlian when he 
was first scon. At this time tho scrum acid phosi)hntase was 10 units (normal 
2-3 units). Prostatie cancer was siispeetcsl and, althonuh clinical e.\aininntion 
of tbo prostate did not support this tliagnosis, treatment tvith stilbrnstrol was 
started. After throe montlis' treatment there was striking improvement in 
his general health with a gain in weight of five stones ; subsequently, liowovcr, 
his condition dotorioratod and death occurred one year after tho beginning 
of hormone therapy. 

Tlirco weeks before death (April 1947) tho patient comi)lainod of j)crsistcnt 
vomiting, occipital headache and pain in tbo right eye. Examination of the 
eorobrospinal fluid showed proteins sliglitly raised (fiO ing./lOO c.c.), sugar 
normal and chloride.s normal (70.') mg./lOO c.c.). 'J’horo was no pleocytosis and 
tho Lango reaction was negative. 

On 17/4/47, three days before death, tbo acid phosphntn.se level wa.s normal 
(3 unit.s). During tho first three months of treatment tbo rcconls show that 
tho patient had taken ninety-six .'i-mg. tablets of stilbce.strol ; tho dosage wa.s 
then reduced to ono tablet every second day, but tho patient failed to report 
regularly and there is no certainty that ho continue<l with Ibis treatment. 

Summary of post-mortem findings 

Tho body showed marked pallor and there appeared to liavo boon a somewliat 
rapid lo.ss of subcutaneous fat. Tlicro wn.s obvioas hj-pertrophy of tlio breasts. 
Cancer deposits were present in tho lungs, supraronal.s, pituitary, cerebrum 
and vertebral bodies, on tho inner surface of tlio dura mater in all tbo basal 
fosste and along both sides of tho superior longitudinal sinu.s. A small plaquo 
of carcinoma in a bronchus, confirmed microscopically, was considered to bo 
tbo primary growth. 

'riio prostate ns a whole was not obviously enlarged, although on section 
there was generalised cystic cliango. The colliculus seminalis, however, was 
obviously hypertrophied and had tho flat white appearance associated with 
sodden squamous epithelium. 



J. PATH. BArT— VoL. LX 


Plati: LTX 


Squasiocs Min-APL.\SIA IN rr.OSTATn 



Fio. 1. — From ti deeper portion of the prostate, showing partial squamous change in 
the epithelium. The corpora amylacea aro of the soft non-=enilc tsTie. H.'cmalum 
and eosin. X 170. 



Fir.. 2.— This field, from tho deeper part of the utricle, shows the details of the squamous 
metaplasia and hj'perplasia. Hsemalum and eosin. x 120. 
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6i6 . 65 — 018 . 7 

SQUAJIOUS Min'APLASIA IN 'I'HK PKOSTA'J’K ASA KKSULT OF 
SI’J LBOCSTUOL TH Kll APY 

Ai.j:xAxr)i:u iNni.ts 

Frotu (hr Departmrut of Patholnijy, tltr Uuiver/tity of St Ari'lrrw.i 
ntul thr Uoi/ftl Itifinnari/, Dimrlrr 

(Pr.ATKs lAX AS‘i> LX) 

Tlio following report de^crihcs the efTeot of ptilho'StroI on the normni liurnnii 
prostate, the drug luivirig been ndminisfere<l beemi«o of BuspcctrHi prostatie 
cancer. 

Caxc hiMoni 

The patient, .T. 13., ago 30, first came tinder observation in .Tuly 1042 with 
a gradual protnision of the right eye. This wiw thought to be flue to infra- 
orbital neoplasm and nidiothcrapy was undertaken, but it soon became obvious 
that no efTeet was being producfsl. In October lOl-l the site was inve.stigato<l 
•surgically by Mr Norman Dott, who removtsl a tumour from the orbit, lias 
provctl histologically to be a carcinoma of large elear-cell tyi>e, with no obvious 
indication of the site of the jirirnary growth. In Marcli 1040 the patient rotunicd 
to Dundee Royal Infirmary and X-ray e.vaminafion now revealed tumour 
deposits in the skeleton. H<> looke<l much older and thinner than when he 
was first seen. At this time the serum acid phosphafiuse was 10 units (normal 
2-3 unit.s). Prostatic cancer was suspectwl and, although clinical examination 
of tlio prostate did not support this diagnosis, treatment with stilbo'strol was 
started. After three montlis' treatment there was striking improvement in 
his general health with a gain in weight of five stones ; subsequently, however, 
hi.s condition doteriomtctl and death occurred one year after the beginning 
of hormone therapy. 

Tlirco weeks before death (April 1947) the patient complained of jicrsistcnt 
vomiting, occipital headache and pain in the rigid eye. E.xamination of the 
cercbro.spinal fluid sliowed proteins sligiitly raised (f»0 rng./lOO c.c.), sugar 
normni and chlorides normni (705 mg./lOO c.c.). There was no pleocytosis and 
the Lange reaction was negative. 

On 17/4/47, three days before death, the acid phosphntn,so level was normal 
(3 unihs). During the first three months of treatment the records show that 
the patient had taken ninoty-.si.x fi-mg. tablets of stilboestrol ; the dosage was 
then reduced to one tablet every second day, but the patient failed to report 
regularly and there i.s no certainty that ho continued with this treatment. 


Summary of posl-morlem fi7idiiiys 

The bodj' showed marked pallor and there appeared to have been a somewhat 
rapid loss of subcutaneous fat. There was obvious hj'portrophy of the breasts. 
Cancer deposits were present in the lungs, suprarenals, pituitary, cerebrum 
and vertebral bodies, on the inner surface of the diu-a mater in all the basal 
fossm and along both sides of the superior longitudinal sinus. A small plaque 
of carcinoma in a bronchus, confirmed microscopically, was considered to be 
the primary growth. 

The prostate ns a whole was not obviously enlarged, although on section 
there was generalised cystic change. The colliculus seminalis, however, was 
obviously hypertrophied and had the flat white appearance associated with 
sodden squamous epithelium. 
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Pl,ATK LTX 


Squamous mutapijvsia ik vnosTATi. 





Fig. l.-From a deeper portion of tl>o 

the epithelium. The corpora amylacea nro of the soft non .en .-p 

and eosin. X 170. 



Fig. 2. — This field, from the deeper part of the utricle, shows the details of the squamous 
metaplasia and hj’perplasia. Hrcmalum and eosin. X 120. 




PATH. ItACT.— VOI.. l.X 


Pl.\te lx 


Squamous jiirrAri-ASiA is ri’.osTATi; 



Fig. 3. — Colliculus seminalis (verumontanum), showing gross squamous hi’perplasia 
of the overlying urethral epithelium. Tlie utricle, lying in the centre of the 
projecting colliculus, shows not only metaplasia to squamous epithelium but 
extreme distension of its ducts bv the epitheUal h\-perplasia. Haimalum alone. 
X 20. 
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SQUAMOUS METAPLASIA IN PROSTATE 

Micro^coplccvllv. .qvmmous mctnplnma of the glandular epithelium w aeon 
in all parts ^of the prostate (figs. 1 and 2), csi)ccially its medial and postero- 
Sfior parts. The enlarged eolliculus seminalis shows extreme squamous 
metaplasia rvithin the utricle and hyperplasia of the overlying 
(fic. 3). Tlie mucosa of the rest of the prostatic urethra shows a 
U advanced change. The ejaculatory ducts are not altered. ^ ^ 

prostate is there anv evidence of ncopla.sm or of chronic mflammatorj reaction. 


Discufsion 

Squamous metaplasia is known to occur in the prostate and related glands 
of certain animals subjected to the effects of oestrogenic hormones (Zuckerman, 
1935-36) and their sjmthetic substitutes (Burrows, 193m). Tlie present case 
shows that a synthetic oestrogen can produce changes in t le^ luman pros e 
which, when compared with the effects described in e^e^ental anunab, 
show a remarkable similarity, both in the nature and in the is n u ion o e 

hyperplasia and metaplasia. . , . • x 

In the early days of the experimental work with mstrone, its adrnimstration 
to normal male rats "was shown to cause a decrease in weight o t e prosta e 
without any significant change in histological appearance, whereas admimstration 
to castrated rats elicited hypertrophy of the fibro-muscular layers of the dor^l 
lobe with obvious metaplasia and hyperplasia of the epithelium (Korenchev sl^ 
and Dennison, 1935). Thus it looked as if hyperplasia could occur only in 
the absence of testicular secretion, but it was soon found to take place in non- 
castrates if the dosage was maintained for a sufficient time (Parkes and 
Zuckerman, 1935). Subsequently, Burrows (1935a) showed that any ^bstance 
pharmacologically related to oestrone could, with sufficient dosage, bring about 
prostatic metaplasia in animals. 

The oestrogenic activity resident in an alcoholic extract of pig testis (Emme^ 
and Parkes, 1938) has also been shown experimentally to produce metaplasia 
in the prostate, an effect which is inhibited by testosterone propionate. In 
general, the experimental work shows that cestrogenic substances, whatever 
their origin, can produce metaplastic changes in the prostate of rodents, dogs 
and apes, provided the dosage is sufficiently high or sufficiently prolonged, 
and can be effective in much lower doses if the counteracting male hormone is 
reduced by surgical interference. 

On the strength of these conclusions, experimental workers have suggested 
that benign enlargement of the human prostate may in like mann er be due to 
an imbalance of the sexual hormones, and Emmens and Parkes (p. 279) write : 

“ The fact that prostatic enlargement is typically a disease of senescence gave 
rise to the suggestion that it originated in testicular imbalance or deficiency 
and that male hormone therapy might he beneficial. The subsequent discovery 
that prostatic changes somewhat similar to those seen in man could he produced 
in laboratory animals by the administration of cestrone made it possible that 
the causative disturbance was an increase, during senescence, of the ambisexual 
cestrogenic activity of the testis, either an absolute increase or an increase 
relative to androgenic activity 

A possible presumption imderlying these statements is that the histological 
differences between the prostate of the experimental animal altered by oestrogens 
and the human prostate showing benign enlargement are due to difference in 
species, the stimulating agent being the same. The present case, however, 
shows that the changes produced by stfiboestrol in the human prostate closely 
resemble those seen in the experimental animal and are quite unlike the picture 
of the benign enlargement as ordinarily seen in man. 

It is of course still possible that both in the present case and in the experi- 
mental animal we are observing a change brought about much more rapidly 
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timn tho nvto of cimngo whirli cvnntimlly prodiuvM ordirmry benign enlargement. 
From tlio work of Parken mid Ziickcrrnnn it appear, i that duration of tronlmcnt 
beam n direct relatiotmliifi to tlio degreo of byfX'qiltwin in the animal prostate. 
BurrowH (1035?,) has nhowm that tho inotaplasia in tho oxjiCTimontnl animal Li 
rovoraiblo, and it may well bo that benign enlargement of tho human prostate 
i.s tho ond-rosult of frequent ftliglit to-mid-fro changes of much !(«« degree than 
those found in tho prcMcnl case. It imwt bo nddtvl, liowever, that this patient 
had received no o'strogenie therapy for at Icmt three weeks before lieatli, and 
probably for longer; j-et tho inetaplastic changes arft still almost as extreme 
as those demonstrated in tho heavily dosed t'.xperirnental animals. 

It scorns likely that tho present wide-rpread use of axaithelic o'strogen will 
provide furlhor ovidoneo as to tho sensitivity’ of tho human prostato to those 
substances and may reveal whether or not tho motnplnstic changes nro as 
readily roveraiblo as in tho rodent. 


Sttmmrtry 

A man of 30 with n latent cancer of hronchits and widesjirond mctastasci 
was trcatorl with atilbo'strol on a clinical diagnosis of prostatic cancer. The 
prostate, which contained no neoplasm, ahowa extreme Bquamou.s metaplasia 
and hyporjilasia of its opitheliurn. Thcio changes mimic closely in tjqw and 
distribution those aeon in tho prostate of the experimental animal aubjcctcd 
to oestrogenic auhstnneas. The hislological picture is quite unlike that of 
ordinary benign enlargement of tlie prostate. 

I am grateful to Mr Norman Dott and Colonel W. F. Harvey for tho clinical 
and liistological data, which they ao readily provideil, relating to tho jratient'a 
operation in Edinburgh, and to Professor Lendrum for his help. 
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6i6 . 71 — oiS . 46 — 072 . 5 — 092 . 9 
MARROW BIOPSY IN LABORATORY ANDIALS 

A. J, S. McFadzean 

Muirhead Department of ilfedrcinc, Universit;/ of Glasgow 

During oxporimontal observations on animals bono-morrow studies are 
often wanted. Preparations made after the animal has been killed are un- 
satisfactory unless fixed immediately after death, and it is often undesirable 
to kill tho animal. To overcome these difficulties and permit of repeated 
observations on the same animal, a tochniquo was devised which is applicable 
to rabbits, rats, guinea-pigs and mice, and requires no special apparatus, 
although a dental drill is useful. 
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Under general nnreathcsia a small incision is made over the crest of the 
ilium posteriorly and the posterior superior spino exposed. If n dental drill 
is available an opening is cut on the lateral aspect of the spino down to the 
endosteum sufficiently large to permit of the introduction of a no. iii serum 
needle into the medulla. A small quantity pf marrow fluid is gently aspirated 
into the needle by means of a sjTinge, the needle is withdra\vn and its contents 
are expressed on to slides. Smears are prepared according to the method of 
Davidson, Davis and Innes (1943) ; six preparations can usually be made from 
one biopsy. The wound is closed by a single stitch. 

In the absence of a dental drill, in guinea-pigs, rats and mice, the cortex 
over the lateral aspect of the posterior superior spine can readily bo shaved 
away with a sharp scalpel. In rabbits tliis procedure is difficult, but a suitable 
opening can be made in the cortex of the external surface of the ilium just 
below the iliac crest by rotating the point of a narrow-bladed tenotomy knife 
against it. To prevent its being blocked the needle should be introduced into 
the medulla with the bevel towards the ilium. After 14 days there is no difficulty 
in obtaining further satisfactory preparations from the same bone through 
the same opening, the needle being introduced in a different direction. Employ- 
ment of the contra-lateral bone permits obseiwations at weekly intervals. 

If there is delayed healing or other local complication, or if more frequent 
biopsies are desired, the femur may be used as an alternative site. It is less 
easy of approach, however, and requires a dental drill. Under general anoesthesia 
a small incision is made over the lateral aspect of the proximal third of the 
femur. The periosteum is stripped and an oblique opening is cut in the cortex 
down to the endosteum, permitting the introduction of a no. iii serum needle 
at an acute angle to the shaft. The subsequent stages are as described above. 
This method is simpler than that described by Yigran (1947) for obtaining 
marrow from the femiu- of the rat. 

With this technique there is no difficulty in making preparations which 
stain satisfactorily with Leishman and May-Griinwald stains and are comparable 
in quality with those obtained from human sternal pimctures. 
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6 i 6 . 33 — oo 8 . 8 — 072 . 2 — 018 . 73 

OBSERVATIONS ON FRAG5IENTS OF GASTRIC 5njCOUS 5IE5rBRANE 
FOUND IN ASPIRATED RESTING GASTRIC JUICE 

J. C. HAWKSii:Y and G. H. Coobay 

From the Department of Morbid Anatomy, University Colhge Hospital 
Medical School, London 


(Plates LXI-LXni) 
Einhorn (1894) described seven cases 


, . , , , . called erosions of the 

stomacn, ^ ot which had sinular symptoms— anorexia, weakness, loss of weieht 
and epiga^rio pain. In these cases, gentle gastric lavage produced in the wash 
water up o our pieces of red mucous membrane varying in size from a pin-head 
to a centimetre in length. Histological sections of these pieces show^ Xdffiat 
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lip'ftio into wliicli blocditiR liiul occurml. Imt no rlctniloil tnicnHonjiic oxniniiirition 
appears to Imvo been iniido. Tiio subjects u'ert> in/ilcM rnriKinp from 20 to 30 years 
of ago ; four liad no free liydroeliloric acid in tbo pistric juice, two lind liypo- 
cidorliydrin and one liypercblorliydria. As to t)ic jwi^iibility of removal of thc-.e 
pieces from the stoniacb by tnuima from the tube, Kitdiorn says “we have 
not to deal licrc with an incidental lesion caused by the tube, for, on the one 
band, tbo lavaRc lias been fKirformwl without any aspiration and by means 
of a soft tid)e ; on the other hand, one could not ob'-terve in a casual lesion that 
constancy which is found here”, h'inhom (183P) publishcfi notes of thirteen 
further cases, of which four were women, all of whorn showed similar findinps : 
their ages range<l from 23 to (10. 

Although Einhorn’rt observations are mentiomvl in Inter works, as by 
Bolton (1013, p. 4) and, recently, photomicrographs of similar pieces of mucoiis 
membrano have appeared in textbooks, r.fi. Bo<'kus (1013, vol. i, p. 301), no 
extensive investigation of these pieces seems to have been made. 

One of Its (Unwkaley, 1039), unaware of Einhom’s work, descrilKsl a series 
of 200 cases subjected to gastroscopy for various gastric sj-mploias from more 
than 10 per cent, of whom one or more pieces of mucous membrane siniilar 
to those of Einhorn were found in the resting juice aspiratetl immerliately 
boforo gastroscopy. Though nnpimtion and not lavage was use<l for removal 
of the juice, it appeared probable that these pieces of tissue were already present 
in tho juice and were not detached by trauma for the following reasons: — 
(1) Aspiration was fairly gentle and tho tulx* wits of soft rubber. (2) >’o 
htemorrhngo occurred, as no blood was present in the resting juice and them 
was no tricklijig from tbo interior of the stomneh on subsequent gastroscopy 
some five minutes later. (3) Attempts at removal of similar pieces from freshly 
resected stomachs cither by miction along similar lines or even by finger-nail 
scratching were unsuccessful. 

Tho pieces were obtninc<l from cases subscquentl}* dingnoseil ns gastric 
ulcer, duodenal ulcer, gastritis and carcinoma, and there was nothing to associate 
them specially with any particular disease. Since tho resumption, two year? 
ago, of gastroscojiy, using a similar technique, these pieces have continueil 
to bo recovered in about 10 per cent, of cases, but as nearly all were cases of 
ulcer, no idea of their frequency in other diseases of tho stomach has been 
obtained. 


Histology 

Ranging in size from a pin’s head to a centimetre in length, n.s did Einhorn '.s 
specimeas, these pieces (two of which are shown in fig, 1) have been subjected 
to histological examination. Tlio roatorial obtained was immediately fixed in 
10 per cent, formol-salino and tho whole piece of muoosa in each case embedded 
in paraffin. Scotion.s wore .stained with limmatoxylin and eosin and hmraatoxylin 
and van Gioson. 

A microscopical study showed a varjdng but u.sually considerable degree 
of gastritis and it was poasiblo to recognise in this material all tho histological 
types of gastritis described by Faber (1935, pp. 20-50). We have not, however, 
observed tho pseudopyloric glands nor (by tho nijpropriato staining methods) 
either argentaffino or Panoth colls (Magnus, 1937). 

The specimens fall into two main categories— those showing acute, and 
those showing chronic gastritis. In tho acute gastritic cases tho mucosa is 
hyporasmic and oedomatous, with Iimmorrhagos in tho subopitholial and inter- 
glandular tissue. There is marked diffuse polymorphonuclear-coll infiltration, 
including invasion of the epithelium of both glands and crj-pts, Tho epithelial 
cells in some cases show vacuoles containing leucocytes (fig. 2). In tho chronic 
gastritic cases there is marked variability in tho histological features. A largo 
proportion show intense infiltration of the intorglandular tissue with plasma 
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Ppath LXII 


Gastric mucosa is ASPiitATun gastric juicn 



Fig. 4. — Atrophic 
gastritis. H. 
find E. X SO. 


Fig. 5. — Cystic 
gastritis. H. 
and E. x 90. 




Fig. 6. — Intestinal 
heterotopia. H. 
and E. X 9.5. 
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cells nncl lymphocytes : others present evidence of degeneration, atrophy and 
faulty regeneration of the epithelium, vrhilc a few show aggregations of 15’Tnpho- 
cytes, giving rise to the appearance of folhelo formation follicular gastritis 
(fig. 3). In chronic atrophic gastritis, cj-stic changes are not infrequent and 
there is often a patchy replacement of the gastric-tjqie mucosa by a mucous 
membrane of intestinal typo — superficial intestinal heterotopia (Taylor, 1927). 

In atrophic gastritis the most striking change is the reduction in number 
of the secreting-glands, with relative excess of interstitial tissue, which is diffusely 
and sometimes intensely infiltrated with lymphocytes and plasma cells (fig. 4). 
Clironic cystic gastritis is characterised by the presence of a large number of 
cystic glands of various sizes, the intervening tissue being again infiltrated 
with plasma cells and Ijmphocytes (fig. 5). In atrophic gastritis with intestinal 
heterotopia the mucosal surface is covered, often over large areas, with cylindrical 
epithelium containing' many goblet cells ; indeed the mucosa as a whole is 
indistinguishable from that of the small intestine (fig. 6). One case of chronic 
gastritis showed conspicuous strands of smooth muscle between the glands 
(fig. 7). The contraction of such fibres might well have the effect of increasing 
the mucosal rugosity. 

In another (single) case we observed carcinomatous infiltration (fig. 8), 
the rest of the fragment sho-wing marked gastritic changes. Bolton (1913, 
p. 35) observed superficial acute ulceration occurring over areas of mucous 
membrane infiltrated •with gro'wth. Such a process might well account for the 
presence of pieces of detached cancerously-infiltrated mucosa. 


Discussion 

Xearly all the fragments examined have sho-wn considerable and most of 
them severe degrees of gastritic change, both acute and chronic. 

It remains to be decided whether or not these pieces separate naturally or 
are pulled off in the process of aspiration. Reasons are given by Einbom and 
by us for belie\Tng that the former mechanism is the more likely. Against this 
is the fact that our specimens do not show the partial digestion that might 
be expected if they had been separated into the stomach for more than a few 
minutes. It is possible that many such separations of small portions of mucosa 
do occur in subjects -with gastritis, but that digestion removes them so quickly 
that they are only easily found when the stomach is in a resting phase and 
the digestive secretions in abeyance. This would have been the case with all 
our subjects, who were examined in the early morning after fasting overnight. 
It is also possible that if gentle suction can pull these pieces off -without production 
of hEemorrhage into the stomach, they represent pieces that are about to separate 
or -to be digested in situ as soon as peptic secretion occurs. Bolton (1913, 
p. 30) has observed such partially digested pieces of mucosa still in situ where 
erosions or acute ulcers are forming. The small areas covered by such devitalised 
or partially de-vitalised pieces of tissue would form what geologists would call 
“ lines of easy cleavage”, where slight suction might well be enough to cause 
their detachment. According to Kenamore ef al. (1946) biopsy of liimg gastric 
mucosa usually causes recognisable bleeding. 

Our findings thus lead us to believe that Einhom may be right in discounting 
trauma, but that, as an alternative, these pieces may be readily detached owing 
to their de-citalised state. In any case they present a means of study of the 
c anges of gastritis in detached portions of mucosa, and our o-wn material 
demonstrates the severe degree of gastritis that may be present. 


Summary 

recovery of mucosal fragments from the wash water after eastric 
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4. 'J'lio inwhaniRin of Ropnriition of fniKincntw if cliKniRsml and it iR 

RiipgcRtcd tliat trauma iR not tlio prini’ipid factor. 'i'Jicy may, Iiowcvcr, Ik? 
more readily dctac)i(*d ovving to tlieir iliRCrt'Kvl Htafo, 

!>. Tlio inicroKcopic I'xninination of iIicro fniginenta proviilca a new niothmi 
of Htudying the cliangcR in pastrifiH. 
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THE CHE.MOTJIEHAPV OF TJiYPANOSOMA CONGOLENSK 
IXFECriOX WITH PHKXAXTHHIDIXIU.71 COMPOUXD.S ETC.* 


C. H. Bhownino, K. JI. Cai.vi:u and H. Adamson 

From the Bacteriology Department of the Unirersity and 
Western Infirmary, Glasgow 

Exporimontnl Trypanosoma congolense infect ion.s in mice are powerfull.v 
influenced by certain phenanthridinium compounrl.s projiared by IMorgan and 
Walls, whereas they are extremely refractory to drugs which are actively 
trypanocidal for T. brucei (Browning et ah, 1038, 1940). In order to obtain 
consistent results which permit a reliable comparison of the therapeutic effbets 
of different drugs, it is necessary to maintain strains of the trypanosomes by 
passing tlio infection to fresh animals ns soon ns the parasites become abundant 
in the blood, i.c. at ** acme * , and not to "wait till a subacute or chronic stage 
is reached. Both the immunological proportie.s and the sensitiveness to 
chemotherapeutic agents are preserved unchanged, ajipnrontly indefinitely, by 
such an acme strain (Browning and Cnlvcr, 1043 ; Cnlvor, 1945). In contrast 


* Work done witli the support of tho Jlodicnl Rosoaroh Council. 
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CHEMOTHERAPY OF T. CONGOLEN'SE INFECTION 

to T. bntcci, T. congolcnsc infections nro more sensitive to phenanthriclinium 
drugs at the acme stage tlian earlier, before trjTianosomes are numerous in 
the blood. Tliis fact suggests that the immunity reaction following destruction 
of the organisms under the influence of the drug plaj's a sigmficant part in 
conducing to cure. At the subacute or chronic stage the infection is less 
responsive than at acme. 

Therapeutic efficiency oj different phcnanthridiniinn compounds 
and other drugs 

Since the work with 7 amino-9 (p-amino phenyl)-10-methyl phenanthndinium 
chloride (no. 897) a series of analogous compounds have been sj-nthesised by 
Walls (1947). Of these 2 : 7 diamino-9 phenyl-10 methyl phenanthridinium 
bromide (no. 1553, “ dimidium bromide ”) showed the greatest therapeutic 
effect, as measured by the ratio of the highest tolerated dose to the minim um 
curative dose. The table gives the results, also those with 4 : 4'-diamidint> 

Tabi-e 


Ee«ulis o/ treatment at acme" of mice infected with T. congolense 


Drug • 

Dose as a fraction 
of the mailmnm 
tolerated dose 

Xo. cured/no. treat ed tn the case of strain 1 j 

I 

n 

ra 

No. 897 (1 mg.) 

1/5-1/10 


15/22 

23/38 


1/15 

... 

34/75 

0/4 

( 

1/100 

23/41 

... 

... 

No. 1553 (1 mg.) 

1/40-1/50 


... 

23/37 


1/60-1/90 


... 

0/7 


1/100 

... 

25/28 

... 


1/200 

... 

7/17 



1/400 

14/24 

... 


Diamidino compound (2 mg,) . 

1/5 

... 

10/12 



1/8 

... 


20/25 



22/27 

5/26 

... 


1/12 

... 


0/17 



8/28 

... 

... 


1/30 

2/24 


... 


• The marimnm tolerated doee In mg.l20 g. body rreight b given in biackeb ; the doec b injected 
s-nbcntaneonsly in a volume of 1 c.c, 

1 Strains 1 and II are those referted to by Browning and Calver. Tor strain HI, originany bolated 
by Mr J. B. Eandall, Entebbe, Uganda, we are indebted to Imperial Chemical Industries, Biological 
Department, Manchester. Its virulence b intermediate between ttat of the other two strams, since after 
acme the trypanosomes remain abundant in the blood of two-thirds of the mice until they die, while 
parasites disappear temporarily in the remainder. A " chronic " strain derived from strain in retained 
Its altered serological characters after 25 passages at acme over 6 months. 

dimethyl stilhene (Fulton and Yorke, 1943). The organic antimony compound 
stibophen ” (for which we are indebted to Messrs Burroughs Wellcome) was- 
examined, but half the tolerated dose was not certainly curative for strain TTT 
The variation in sensitiveness of the different strains is striking. With the 
jihenanthridinium drugs the ratio of effectiveness for strains I, II and IH is 
approximately 9 -. 3 ; 1, whereas with the diamidino compound the extreme 
ratio doM not exceed 2 : 1. In general, the latter drug is also the least active, 
len s (1946) results with no. 1553 confirm ours ; but Fulton and Yorke, and 
len consider no. 897 and the diamidino compound practicallv equal' It 
appears that these workers treated infected animals earlier, when par^ites 
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llicn cinbocidinp the e.vplaiili on tlie upper fitirfiicfM of tlie Hlipn. Tlie 'fluid 
inediiim is tlien added and (lie flaMca iiiciihato<I. Tliifi inothod pennita of the 
removal (if one alip at a time for liiRli-power examination of the growth at 
■fliffercnt stages of development. 

The testicular tissue was firat inineed finely with Heissora and the fragments 
were then plaee<l (in eoveralips on the l>ottom of Carrel flashs (internal diameter 
3 cm.) in a small drop of chick plasma which quickly clotfc<l, 'J'o each flitsk 
2-4 ml. of fhiid medium were added, 'J’liis iiKslium consisted of 


Tyrodo’s solution . 
Chick cmhryo ext met 
Hahhit serum 
I’henol red . 


70 parts 

r> „ 

ll.'i ,. 
a trace 


Caro was taken to adjust the ;dl of fh<' fhiid infsliiim to "•4. at which oiitimid 
growth of testicular tissue is ohtained. 'I’his was done hy huhhling through the 
medium a mixture of oxygen and .7 |>er <•cnt. earhoii dioxide and matching the 
colour against a set of standard phenol rtsi solutions. 

The fluid medium was drawn ofl' and renewed on the .’ith and lOlh days, 
and at the same time one or more culturesi on their eovenslips wcrt> n'lnoved 
for examination. These were fixed in methyl alcohol and stained hy Giemsa’.s 
method. In tissue infected with Trcjxjurtnn ptillUium, the sj)e<’imcns aw 
.stained al.so hy Levaditi’s method. In addition fresh wet preparations were 
examined with the plnuso-eontrast microscope, while the fluid nnslium was 
to.stcci for infect ivity liy intratest iciilnr inoculation into healthy rahhits. 


Cultures oj vorinnl rabbit trsti.i 

Ncwlp-boru rabbits. ICach tr-stis jirovided ahout S cxplant.s. (irowth usuall.v 
hegan early and on the second day a halo of cells wa.s visible around the cxplant. 
In most ca.ses fihrohlast.s then grow out fmm opiiositc ])olcs of the cxplant, 
forming two chain.s of cclhs adiich later converged ami met, thu.s forming a 
ring of new ti.s.suo with a diameter of 2-4 mm. This stage of development was 
usually reached about tho fifth day, ami occurred in nearly (iO ])cr cent, of 
jircparations : in tho remainder there wa.s coinjileto failure of growth after tho 
second day. By tho fifth day al.so epithelial cells were oa.sily visible, gmwing 
a.s a solid sheet from tho edge of tho exjilant within tho circle of fibroblastic 
growth. Macrophages wore found scattered both inside and outside the circular 
area. Fig. 1 shows a conicr of one cxplant and illustrates well tho various 
tj-pcs of cell which grew. 

Young adult rabbits. 'J'ho testis, in it.s cnp.sule, was removed nseiitically 
from an nmc.sthetisod animal and, after decajisulation, was minced and cxplantcd 
as described. Growth did not occur so frequently nor wa.s it so vigorous as 
with the material from now-bom rabbits. Wlion it did occur, however, it was 
of tho same typo, and epithelial proliferation was observed in about 20 per cent, 
of preparations, each experiment being carried out with at least .SO oxplants. 

Cultures of rabbit testis prerioushj infected in vivo 
with Troponomn pallidum 

I am indebted to Dr Solbio of tho Middlesex Hospital, London, for providing 
mo with a strain of Treponema pallidum which had previously been isolated 
from a liumnn case of syphilis and was innintaincd in rabbits by intratcsticulnr 
inoculation. The testis was removed about C weeks after inoculation, when 
tho organ was sw’ollen and liard, and before ulceration had begun. After 
ulceration has started there is grave danger of carrying over secondary pyogenic 
invaders into the tissuo-culturo flasks. 
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Plate LXIV 


Cin-Tcr-E or TnKPOXKitA pallidum 



Fia. 1 . — Comer of e'qilant of normal rabbit testis shosring (a) part of fibroblastic ring 
of cells, (5) sheet of epithelium, (c) scattered macrophages, x 65. 



2 Giant cell svath spongj- vacuolated Fic. .3. — Phase-contrast photonucrograph of 

cjnoplasm and 7 nuclei, y 12.70. culture showmg Treponema palhdum. x 1800. 
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In each of tlirce experiments at least 80 cxplants were set up ; in two 
experiments healthy growth of only three explants was observed ; in the third 
experiment only two explants grew well. Most of the others did not grow after 
the second day. They exhibited no more than a few sprouts of fibroblasts and 
some scattered macrophages and there was no cv'idcnce whatever of epithelial 
proliferation. In the explants which grew normally the usual arrangement 
of fibroblasts, macrophages and epithelium was maintained. In addition 
there were numerous multinucleated giant cells with spongj- vacuolated cyto- 
plasm and seven or more nuclei (fig. 2). Although this tj-po of cell is common 
in many other kinds of tissue culture, it was seldom observed in the cultures 
of normal testis. It is possible, therefore, that these cells, which resemble the 
giant cells commonly associated with granulomatous inflammatorj'- lesions, 
may represent a ti^ie response to the invasion by treponemata. 

Examination of fresh wet preparations with the phase-eontrast microscope 
showed li\*ing organisms in two cases, in cultures removed on the 5th and 7th day 
respectivelj- {fig. 3). In both these preparations growth was healthy and 
reasonably x-igorous. No organisms were e\-er foimd in cultures which had not 
grown. 

After 10 daj’s’ incubation the fluid medium from the flasks in which growth 
had occurred was pooled and inoculated intra-testicularly into a health}' rabbit. 
Tiiis animal later developed a t}’pical chancre in which Treponema pallidum 
was easily demonstrated. Similar inoculation of the fluid from the flasks in 
which growth had not taken place did not prove infective. 

No organisms were ever demonstrated in cultures stained by Levaditi’s 
method. 

Discussion 

The most widely used of the large number of methods of culture of Treponema 
pallidum previously investigated has probably been that developed and described 
by Eagle (1940). In this case the organisms survived only for a few hours. 
Survival in other types of fluid media is also generally limited to a few hours, 
although survival for longer periods has occasionally been reported. Using a 
centrifuged suspension of rabbit testis plus rabbit serum. Eagle (1938) was 
able to maintain the cultures for at least 48 hours. 

The method of culturing Treponema pallidum now described has enabled 
the organisms to survive for periods up to 10 days. Sunnval was apparently 
dependent upon the presence of living testicular cellular elements. Unfortunately 
successful cultures were obtained only in a small proportion of preparations, 
which reduces the general usefulness of the method considerably. But this 
success, though limited, seems worth recording and it is to be hoped that further 
work may lead to improved results. 


Summary 

The growth of testicular epithelium in viiro has been confirmed, and successful 
erdtures were obtained in most preparations in which the testes were taken from 
newly bom rabbits. Culttires were also successful, although in a smaller 
proportion of cases, when the testes of young adult rabbits were used. 

Ihe same technique was used for the in-vitro growth of adult rabbit testis 
prevrously i^ected in vivo with Treponema pallidum. In some of the preparations 
survival of the organism for periods up to 10 days was demonstrated. 
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F.R.M.S., for the photomicrographs. 
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SIDEKOCYTE COUNTS IN THE HLOOD OF NORMAL 
AND PRE.MATUHE TNEAN’l’S 

J’AYU.vci WaioiiT nrul Dkkim: G. Ei>mo.vi>>< 

From the Ob'^tetric Unit, University CuUeye }Ioy>ita}, Jjondon 

Tlio jircscnco of “ hidprocytic ” pranulps in tlio blood of flo.x-tnilod mice 
and yo»uip rats wnf! first shomi by Gninoberg in lOlln. In tho same year ho 
reported tlieir presence in small numbers in infants. Tho present short study 
was made, first, to expand tho incngre data eoncerninK the«c cells in normal 
and premnUiro infants, and second, to correlnto in Ibis series) the findings obtained 
with the two methods generally in use for the estimation of sidorocytes — tho 
prussian-bluo staining method, and that of Case (10 11-15) using on' dipjTidyl. 
No attempt is made hero to elucidate the nature of tho granules or to dLsciiss 
whether the cell inclusions stained by the two methods nro identical or not. 


Method 

Fifty nonnnl full-tcnn infants and 7 premature infants were examined 
daily for tho first 8 days of life. The degree of prematurity of tho 7 children 
in tho group was between 4 and 10 wcehs. Parallel obscrentions using tho 
nn' dipjTidyl staining technique and tlio prussian-bluo method were made in 
34 cases. Reticulocyte and sidcrocyte counts wore compared daily in 25 infiuits. 

Blood was obtained by heel prick and films were made for tho sidcrocyte 
counts. Tho method of counting tho reticulocytes was that of Prieo-Jones, 
Vniiglinn and Goddard (1935). 


Results 

Tho daily coimts together with tlieir standard errors nro sot out in tho table. 
Tho infants who showed “ phj'siologicnl jnundico ” nro included in tho group 
as a whole but nro also shown soparntoly, ns it was suggested by Case (1945) 
that tho incidence of coll inclusions stained by his method increased in ]uemol 5 'tio 
conditions. 

From tho table it can bo seen that tho pcrccntago incidence of granule- 
containing colls stained by tho two methods was very similar in tho blood of 
now-bom infants, and further, that during tho first 8 days of life there was a 
steady, though small, decrease in tho percentage of nflectod cells, which, by 
tho end of tho first week, approximates to that reported to bo normal in adidts, 
namely 0-6±0'3 per cent. (Case ct al., 1946). 
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In infants -who exhibited “ physiological jaundice ” there appeared to bo a 
rise in the siderocyto count from the second to the fourth day ; this, howe%’er, 
"was transitory, and there ■was a subsequent decrease so that by the eighth 
day their numbers ■were not significantly different from the non-jaundiced 
group. 

Table 


Daily siderocyte and rcticidocyte counts (per cent.) with the standard error 

of (he means 


Day 

0 

n 

0 

3 

4 

5 

6 

7 

■ Xonnal — 
i aa' dipyridyl . 

' Pnjssianblue . 

j Reticulocytes . 

^ Jaufldice — 
j aa' dipyridyl . 

1 Premature— 
j aa' dipyridyl . 

1 Reticulocytes . 

1-I0i0 074 
1-I0i0006 

4- o5 -0-263 

O-OTliO-llO 

1-S0=;0-20: 

5- C0±O-564 

1- OOiO-OSC 
0-96±0-044 

3- 03iO-340 

0-00 ±0-116 

2- 15 ±0-573 

4- 0Sz:O-60S 

1-00 ±0-063 

0- 92 ±0 055 
3-45 ±0-391 

1- 20=0-123 

2- 16=0-512 
|S-37 ±0-900 

0-97x0 070 

0- 90-i-0-043 
3*00±0'4S4 

1- 40x0*133 

2- 3r,-0-5S0 
^3-42-0-701 

0-00 ±0-002 
O‘^0:r0•OGO 
2*SG±0-490 

1- 30x0-16S 

2- SOiO-lSO 
4-03x0-041 

0-70 ±0-061 
0-66 ±0-046 
0-70=0-160 

0- 93 ±0-142 

1- 48 ±0-391 
■2'10 =0-756 

0-04 ±0-059 

0- G0-!-0-047 

1- 16=0-340 

0- 90 ±0-101 

116-:-0-265 

1- 33±0-521 

0 - 55 = 0-037 

0-46 =0-060 
0-57=0-101 

0- 69 = 0-114 

1- 10±0-1S3 
0-94 ±0-494 


There was a considerably higher percentage of granule-containing cells in 
the small group of premature infants, ■with the maximum occurring on the 
4th day of life. 

The reticulocyte covmts call for no special comment since they followed 
the normal pattern for new-born infants in both the full-term and premature 
groups (Krumbhaar, 1932). 


Discussion 

There is at present considerable disagreement concerning the nature of the 
siderocytic granules stained by the aa' dipyridyl and potassium ferrotyanide 
methods (McFadzean and Davis, 1947) and it is not proposed to discuss the 
controversial points at issue in this short note. It may be of interest, however, 
to point out certain features which have been found in the examination of the 
blood of new-born infants stained by these two methods and to comment on 
the present series of cases in the light of previous work by other investigators. 

Gruneberg (19416) first described iron-staining granules in circulating red 
blood cells. He reported that the full-term infant’s blood contained about 
0-25 per cent, of these cells, while in the 14-week foetus a cotmt of 4-45 per cent, 
■was obtained in the heart blood post mortem. In the present study, with both 
the staining methods ■used, a rather higher incidence was foimd in the blood 
of full-term infants. Corresponding to Gruneberg’s findings on his single foetus, 
however, we have obtained a higher incidence (1-86 per cent,, range 1-2-7 -o per 
cent.) in premature infants, using the aa' dipyridyl technique. The incidence 
of siderocytes in the first day of life in the present series is about twice that 
reported as normal for adults by Case (1945), though by the end of a week the 
percentage approximated to his figure. 

_ It is of interest that the infants who exhibited marked “ ph^rsiological 
javmdice ” exhibited a higher mean siderocyte percentage than that of the 
senes as a whole, since a raised count has been reported in various hemolytic 
wnditions affecting adults (Doniach, Gruneberg and Pearson, 1943 ; Case, 1945 ; 
^appenheuner et al., 1945 ; 'McFadzean. and Davis, 1947 -, Dacie and Doniach’, 

There appears to be no relationship between the incidence of granules stained 

cL^t dipyridyl methods and the reticulocyte 

count. This findmg confirms that of McFadzean and Davis and is contrary to 
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6l6 . 12 — oo6 . 4 

A CASE OF PR1.MAI5Y .SARCO.MA OF THE HEART 

\V. \V. Adamson 
T'rom thr Uoyal Jnfirmnry, Dull 

(Pr.ATi:.s LXV and l.XVl) 

Cliniml history 

The patient, X. \V., a gardener 24 years oM, was admitted to lio.^pital nn 
7.10.39 with a historj- of pain in the right axilla M-hich had commenced two 
weeks previou.sly. The pain wa.s nccontnntcd on taking a deep breath. There 
was also a history of his having had pain in the region of the stoinnch two weeks 
before ndmis-sion, with A-omiting. S.ATnptoms of intestinal obstruction had been 
present for two days before admission. Xo fa'ces or flatus had been pn.ssc<l 
and there wore colicky abdominal pains every few minutes, with repeated 
vomiting. 

At operation on 8.10.30 a distended loop of ileum presented and a latge 
ileal intussusception was reduced. A submucous tumour about the size of a 
hen’s egg was palpable in the ileum, which Avas opened, and the tumour removed 
by diathermy. 

As colicky abdominal pains continued to occur every few minutes and 
there was repeated vomiting, the AA’ound aa-us reopened on 20.10.39 and about 
five inches of jejunum were resected. Another nodule similar to the one alreadA’ 
remoA'ed but about ono-oighth its size was present in the resected piece of boAvel. 

After continuing to run an intermittent tompernt\iro, Avdtb A'omiting of 
undigested food after meals, ho suddenly complained of severe abdominal pain 
on 28.11.39, became collapsed, and died after four hours. 
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Plvti: LXV 


A c^s^ OF rmvARv sarcoma of tih: iii:art 
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Posi-moTlcm e-tainiJiafioii 

Tlie body -was mwch emaciated. 

The left pleural cavity contained three ounces of yellowish fluid with some 
fibrinous material floating in it. The trachea, larjmx and bronchi were norrnal. 
At the root of the right lung a hard mass of glands was found. The left auricle 
of the heart contained a large tumoiur which almost completely filled its cavity. 

The mouth, oasophagus and stomach were normal. In the abdomen, acute 
peritonitis was present, with much fluid effusion and matting together of the 
coUs of small intestine. Tliere was a perforation in the upper part of the ileum. 
Manj' polypoidal tumours were present in the small intestine from the duodenum 
to the ileiun and there were also two tumours in the ascending colon, three and 
eight inches respectively from the orifice of the appendix. The tumours ranged 
from 1 to 2-5 cm. in diameter. 

The liver was very fatty. The gall bladder contained yellow bile. Two small 
black necrotic areas were present in the body of the pancreas. The kidnej's 
showed cloudy swelling and fatty change. The suprarenals and bladder were 
normal. The retroperitoneal and mesenteric glands were greatly enlarged. 

The brain and spinal cord were not examined. 

Heart. The tumour in the left auricle (fig. 1), which almost completely filled its 
cavity, measured 6-5 X 5-0 X 3-0 cm. in diameter. Its siurface, which was slightly 
nodular, was covered in its upper half by a reddish layer of fibrin. It was 
attached by a broad pedicle to the upper surface of the anterior mitral cusp 
and its base extended well on to the anterior wall of the auricle and backwards 
on to the inter-auricular wall. The colour of the cut sruface varied from grey 
to white. A second nodule was present on the posterior and upper waU of the 
left auricle (fig. 2). This had a flat surface, nodular at its lower end, and formed 
a flat cap resting on the larger tmnour. It measured 4’0x3-5xl’0 cm. in 
diameter. 


Histology 

Of the two tumours of the small intestine removed at operation the larger 
was a spindle-cell sarcoma, the smaller a mixed cell sarcoma (figs. 3 and 4). 
The tumour in the anterior wall of the left auricle was also of polymorphoxis- 
cell type. In it, cellular fibrous areas (fig. 5) were interspersed, and occasionally 
the structure was myxomatous. ISTecrotic cells and capillaries were present 
m some of the more fibrous areas. Spindle, roimd and giant cells were all 
present and mitotic figures were not infrequent. Bronchial and retroperitoneal 
glands, pancreas and kidney were examined microscopically for evidence of 
invasion but no tumour cells were found. 


Commentary 

Two methods of spread are illustrated in this case — by the blood stream 
and by direct contact. The flat nodule on the posterior wall of the left auricle, 
which appeared to be a secondary' growth, showed a similar histological structure 
to the primary tumour of the anterior wall and was presumably due to contact 
infection. The secondary nodules in the intestine tended on the whole to be 
more cellular than the primary' tumour in the heart. They were mainly in 
the area supplied by the superior mesenteric artery and were presumablv 
embolic in origin. 

Jiahaim (1945) lists 87 cases of primary' sarcoma of the heart, the order of 
mquency' being spindle cell, round cell, giant cell and polymorphous cell. 

ong these there is only one example of secondary deposits in the intestines 
name y ease It' of Iltdler. Usually the secondary growths were in the lunss' 
iiv'er and pericardium. ° ' 
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Summnn/ 

A cnso of pritnnrj’ pan;oin(i of tlie loft nuriclo ia <lopcril)t'<l in wliicli thero was 
secondary extension by contact to nnother part of the miricular wdl and by the 
blood stream to tlio duodenum, jejtimim, ileum atul nseonding colon. 
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Fig. .5. — Tumour of the heart, 
showing one of the more 
cellular areas. H. & E. 
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The biology ol melanomas 

Edited by Rov Waldo IMiker, ^Iyeon Gordon* and Lothab Salin. 
1948. Special Publications of tbo New York Academy of Sciences, vol. iv. 
Pp. xii and 466 ; 233 figs, on 107 plates (4 in colour) and 25 text figs. S5. 


This special publication of the Now York Academy of Sciences consists 
of papers contributed by in\nted authors to a Conference, held in New York 
City in November 1946, on the biology of normal and atypical pigment-cell 
growth. Tlie scope is thus rather wider than the title would suggest. 
The 26 papers presented range over the clinical and developmental, 
cytological and genetic, endocrinological and physiological fields, and 
finally the chemical and physical aspects of the problem. 

“While much new information was presented at this conference, its 
special value was found in the fact that many details which were previously 
Imown onlj"- to specialists in their respective fields were disclosed to all 
workers. Yet it was obvious that it bad merely exposed the many facets 
of an extremely complex field. Perhaps the greatest achievement was 
in bringing the subject of pigment cell biology into prominence This 
extract from the foreword is endorsed by the reviewer. 


It may be asked whether the general pathologist, or the clinician 
especially interested in melanotic tumours, is likely to find this book a 
valuable work of reference. Because it brings together, with good biblio- 
graphies, fields of work which the clinician and pathologist might otherwise 
overlook, it is certainly of real value. To the experimentalist in any branch 
of this field, it is a necessity. 

It is only possible to mention here some of the papers presented. 
Masson confines himself to a description of the normal human pigment 
cell, though he calls on certain pathological observations which have 
helped in the imderstanding of its character and function. Pack accepts 
a neurogenic origin for the melanotic tumours of man ; he discusses their 
clinical aspects and advocates the surgical excision of both benign and 
malignant melanomas. For the latter, excision of the primary tiunour 
and ^section in continuity of metastatic deposits in regional lymph nodes 
is strongly advocated. Becker discusses pigment formation in the sMn 
and agrees with Masson that the epidermic melanohlast is a cell distinct 
from the palisade basal cell. He then goes on to discuss (with good illus- 
trations) pigmentary dermatoses in the human subject. Goldberg marshals 
- the arguments for the mesodermal origin of melanohlasts, while Macklin 


discusses the genetic background of pigment-ceU growth. Her bibliography 
is extensive. Algire and Legallais describe the growth and vascularisation 
of the two well-known transplantable mouse melanomas as seen by trans- 
parent culture-chamber technique, Sugiura used one of these tumours 
(Har^g-Passey) for a very thorough investigation of the effects of numerous 
physical and chemical factors, with residts which were largely negative. 
Du Shane, Grand and Cameron, Levine and others are concerned with 
mechanism and the melanotic tumours of fishes, ampliibians 


The aiustrations are of rather uneven calibre, though manv of them 
are excellent. Discussions on the papers are disappointingly brief The 
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Tho 1947 yonr book o! pntbolofjy nnd cUnlcnl pathology 

“Pathology", cditwl hy Howaiu) T. KAU‘<Nntt nntl IIkhukp.t Z. Ltj.vd; 
“ Clinical pathology ", edited hy Aiirmrit Hawxkv Saxfokd. 1P4S. 
Chicago : Tho Year Iloolc Ptihli-iliori Inc. Pp. fuS ; 103 text fig<?. $3.7.’i. 

“Condiliotm of tho war aiu! pff<t-war i)crifKl have not f>ormittc<l 
publication of tho Year Hook of Pathology ainco IPJl ". Tho problem 
of aolcclion from tho oxtonaivo and iinportiint literature of thia rovea-yenr 
j)oriod waa a diflicult one, anri it wna divided to concontrafo on tho ino-it 
rivont nrticli'a aa likoh' to offer tho groatoat vahio to roadom. Threo-fiflh', 
of tho volume ia devoted to jiathology. tho remainder to clinical jiathology, 
including a 20-pago Hoction on imniiitology. In addition to some hundro<I< 
of ahstmeta, aovornl abort “ apei’ial article-i^’ are contrihiiteil by various 
nuthora, namely “ inochaiu'am of invniilvenT-ni of cancer " by Dale It. 
Coman, “ pathology of lymjihatic and homo|>oielie organs " by Eihcartl H. 
•Smith and H. Philip Custer, “correlation bctwtvn vaginal Kiuear and 
tissue diagnosis in IOt.3 ojioratiil gynecologic eas/'s " hy Malcolm S. Allan 
and Arthur 1’. Hortig, and “ current jirobloms on hone pathology" by 
Henry It. .Tnffo. 

^tost of tho articles Riimnmrised are American, hut then* are many 
from llritish (including Australian) jounials, and a feu- each from S«’L«. 
Scandinavian, French and other sources. .*4omo of tho nbstn»ct« e.vtend 
to 0 or 8 jiagcs. The toiiioi fiok>eted cover a wide Held and lia^'o been 
chosen tvith (liscrimination. Pull Huhject and author indoxca are providH. 

Instead of the tisual " blurb " on tho jacket, n tiew terror is added to 
life in tho form of a “ Year Hook Quir. ", “ The (.-cores of Rigm'ficant 

world-wide advances detailcsl in this 1917 Year Hook alnvl important light 
on tho new methods and proeeiirtres in lahoratory medieitie. Test your 
familiarity svith the current literature hy trying the quest ionnniro that 
followfl ” ! The few errors which sve have detected include tho rnis-Rpellitig 
of Hnasall (“ Hrus-sal’.s corpuscles ", p. 109). This may ho regarded as 
excusable, ainoo tlio aame error has Iuxai perpetuated throughout the svholc 
Rorio.s of odition.s of that authoritative work, .Schnfer’.s Kn.frntiftl.t of /iiVfofogy. 


Toxtbook ol endocrinology 

By Han.s Snr.YK. 1947. L’llnivern-itf’ do 3Iontrenl ; Acta Endocrinolopcn. 
Pp. xx-xii and 914 ; illustrated, $12.80. (Foreign po.stago $0,7.7). 

Thi.s book provides a cnmprohon.sivo account of tlio nonnal and abnormal 
structure and functions of tlio endocrine glands. Following a ebaptor on 
general endocrinology, 40 pages are ilovoted to the oecurrcnco, chemistry 
and pharmacology of tho storoid.s. Thereafter, each endocrine organ is 
considered in turn under tho headings history, normal morphologx'. 
chemistry, iihannacologj', experimental physiology and pntholog}', and 
disoas&s causing hypo- and hyper- offects. Finallj- there is a description 
of tho tumours and cysts of each organ. 

Tho text is both factual and critical. Describing ns it does a field of 
knowledge whicli is expanding all tho time, it would not claim to be 
complete, nor fully to satisfy tbo demands of specialists in particular 
branches. But a very fair account of tho present position of oiir laiowlodge 
is presented in readable and interesting form. Tho bibliographies also 
make no attempt at completeness. For example, tho chapter on tho ovnrj' 
contains only 33 references. A vnlnnblo feature is tho series of short critical 
paragraphs indicating tho value of each article or monograph referred to : 
this should bo helpful to those who ivish to road more widely on any 
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particular aspect of the subject. Tlio index occupies three columns in 
eacli of over 40 pages and is outstandingly -well done. 

The book is profusely illustrated and contains a imique collection of 
photographs of patients suffering from endocrine disorders, often taken both 
before and after treatment. Jlanj’ of these are very good. One reason for 
their excellence is the fact that they have been chosen from the collections 
of many workers, both clinicians and pathologists. The legends also are 
valuable and well done, but it would have added greatly to the convenience 
of the reader and to facility of reference from the text if the figures had 
been serially numbered. 

The format of the text, each page being divided into two columns, makes 
it less easy to read, and the vmduly liberal use of dashes is aggravating. 
In a work of such dimensions it would be ungenerous to stress minor 
omissions in particular subjects, but the omission of any reference to the 
pre-pubertal androgenic effects of interstitial-ceU tumours of the testis 
and to Bielschowsky’s work on cancer of the thyroid gland might be 
mentioned in passing. 

■Without doubt, this book will be of real value to clinicians, pathologists 
and students alike. 


The digestive tract in roentgenology 

By Jacob Bxjcksteik. 1948. Philadelphia, London, Montreal ; J, B. 
Lippincott Co. Pp. xvi and 889 ; 1030 text figs. $16. 

Dr Buckstein some years ago published a very useful book on the 
roentgenology of the digestive tract. He has now produced a new work 
which covers much the same groimd as the previous volume, but he has 
enlarged both its scope and its tisefulness. The new work covers the 
whole of the radiological appearances of the alimentary tract and its value 
is greatly enhanced by the inclusion of a large number of illustrated case 
histories of the various conditions described. In addition — and this is 
a most valuable feature — he deals fully with the normal variations in 
appearance of the digestive tract, and, in the abnormal states, gives a 
fuU accoimt of the pathological aspects. This last feature, so often lacking 
in radiological books, is of great vrdue to pathologist and radiologist alike. 
It is unusual to find in any one work such an excellent survey of the normal 
and pathological as revealed by X-ray examination, and, with the high 
quality of the illustrations, which are aU in negative form, this book must 
become one of the most valuable works of reference in this field. The 
bibliography is full and up to date, and the vast resources at Dr Buckstein’s 
disposal ensure that the whole range of abnormal conditions has been well 
covered. The book, though primarily for radiologists, wfll obviously have 
a place in the libraries of pathologists, physiologists and all others interested 
in the digestive tract. 


Bergey s Manual of determinative bacteriology 

By Robebt S. Breed, E. G. D. Mxtreay and A. Parker Hitchexs. 
Sixth edition, 1948. London : BaiUiere, Tindall and Cox. Po xvi and 
1629. 823. 6d. 


Earlier editious of Bergey’s JIanual were seldom helpful to a medical 
bacteriologist seeking to identify a bacterium, because he too often found 
lat the reaction of many of the important tests were not recorded or that 
difierentiatmn depended on some obscure test or ability to grow on an 
out-ot-the-way medium. Ih this respect the new edition is little better 

J. PATH, P'iCT.— TOL. LX 
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tlmn pr(‘(K'Cc'%'r>rrt nwl th^ fimlt H<’-( with tho oilitoni, 1 k^a\i?o they 
Imvi' iiccf“j)tO(i f*jtcci(M tli«! an* not fully fli'-crilx"-*!. A*i a rct'ilt tliey Imvo 
luul to u*J* vatnu* and iuthdinito oharac-t<*r-^ in tla* diacrnostic hoys. Clmrnctcrs 
U'-od in tilt* snl)divi*tion of I’-oiidoiuonfi' inohide pipnont prfxluetioii, notion 
on p'latin and aoiion on inilh. yet we find in the hey (p. SI) " Orocn 
finoix'-cenf jiignicnt not pnxiucod or not rt‘i)orted ", {p. S5) “ Action on 
p'latin not recorded " niul (p. Sil) " Action on inillc not ri'cnnicd Tlic 
Uey.~ would have heen jinieh iinjmived if the hchena* had Ixm'TV limitM to 
wcll-dc'.crihf'(l ort.’ani.inis- aitd inon* of the ill-defined !-iw*ei(M relcpatwl to 
the apj)Pndieen. 

HnX'd lai*-’ contiihnted a p>od f-nrvey of the tji'conoinic piropo-nls of the 
pant, and ('Xtraet*. from the Itijtnnieal (‘(xh* are jjiven to indicate how ntiines 
ehonld he formed : it i*- a pity that the new Itaeteriolofjical Oxlc was not 
aj>proved in time to apix'ar in thi** edition. 

The addition of tlinv- supplements of ordinal ranlc to include vini'<s, 
richettsi.'e and tlu* plctiro-pneumotiia yronp in the .scheme of elnssificAtion 
of hacteria \s'ill nifne(‘ interc--f , hut I'/ru/ot at least is lihely to have a stormy 
m'cption from vims woihers. Amouf: tie* true hacteria liil>erfhella and 
Staphylococcus have disapjM'arcfl. Stajihylococci /ire now in the pcniis 
Micrococcus ; the s[X'ci(*s ns’opni“e/| aiul the dcscrij/tive details mipht have 
lioen acceptahh* 15 years apo, now thi*y only show how Americnn thoaplit 
on this pronji has lappisl Ih'hinil th/> work dom* in this country. Strept^'*^’^' 
and corynchnctcria are hoth inadequately <lcatt w'ith and the “latest on 
tho serolopy of C. f/i'/zAthcnV is Murray’s work of 1035. The Kniiffintinn- 
Whito Salmonella sehena* has Ix-en acceplo/l in a half-hoarfotl wiy and 
(-crolopy has la-on /dlowcfl to influence tin* shajK* of Shipisll/i. Three s-ect ions, 
Ilncillus, Mycohactorium and I’rot/'iis, are in line with British thoncht ; 
for tho rest, most workers here wall tiuam'l with the Berpoy classification. 
Taken ns a whole the det/iile<l iloscriptions are lietter than in tho last edition 
hut there i.s still room for much imiirovement. 

In spito of many shortoominps tln-re is much in this eslition of Borpeys 
Jtnnual that makes it an esM*ntiiil reference hook. It is invaluable in tracing 
synonyms anri “ The index of names is tho most complete list that has 
appeared in the literature and should alway.s ho consulted Ixifore new 
ponus or species names are jirojiosod " (p. viii). 

Endocrinology of neoplastic disonsos : n symposium by 18 authors 

Edited by Guay II. Twomiii.y and Gr.oiioi; T. P.ack. lO-t", Xow York : 
Geoflroy Cumhorlcgc, O.xford Universitj' Press. Pji. vi and 302 ; 43 text 
figs. C0.S. 

Hero wo are presented with yot another “symposium” by American 
authors — comprohonsivo, up-to-date, accumto, and expensively produced. 
AVe seem to bo diverging a long way from tho original jmqioso of a syunposiiun 
(a “ drinking together when, ns in this ca.se, a number of papers originall.V 
wTitton for publication in Siirricr;/ in lO-lI nro brought up to date and 
publi.shed n.s a monograph. Each of tho eighteen authors invitetl to 
contribute is an acknowledged oxjiert in his own field and tho .sum of old 
and now information provided i.s a valuablo contribution to knowledge. 

Tlio subject of tho endocrinology* of neoplastic disoa.so is considered 
under two main headings : fii-st, tho role of hormones in tho genesis of 
tumours in distant organs such n.s tho breast and testis, and second, tho 
hormonal effects of tumours arising in ondocrino organs. Tho articles of 
Gardner and Solyo arc concomed with tho first of those subdivisions, in 
relation re.spoctivoly to tho action of ocstrogons and pituitary* hormones, 
while Nathanson discu.sses tho relation of honnones to diseases of tho breast. 
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He inclines to tlio view that tlio liorraones prepare the tissue for another 
agent to act os the carcinogen. Tliero is an excellent chapter by Moore 
presenting all the evidence for and against endocrinological imbalance as 
a cause of benign hj'pertroplij’ and carcinoma of the prostate. The endocrine 
treatment of prostatic cancer is discussed by Dean, Woodard and Twombly. 
In the two years 'ivliich have elapsed since it was firitten, a good deal more 
information has been acquired, but the discu-ssion of the principles involved 
is still valuable. 

The rest of the book is mainly concerned with the liormonal effects of 
tumours arising in endocrine organs. Especially notable is the chapter 
by Cope on the endocrine aspects of parathjToid enlargement, iluch of 
this ground was covered by Sel 3 'e in Iris book “ Textbook of endocrinologj* ”, 
renewed in the present number of this Journal {p. 34S), a book the wealth 
of illustration in wliich adds to its attraction for the general reader. 

Of the excellence of presentation in the volume now before us there 
can be no doubt. Written primarilj' for the practising surgeon, a vast 
amount of information is made available in the various articles, each of 
wliich is also pro\*ided with a comprehensive bibliographj*. As a work of 
convenient reference it wiU fill a need, but in a subject wliich is growing 
and changing so rapidlj- it is doubtful whether many people will be prepared 
to spend so much money on a book wliich will be out of date in a very few 
months or j'cars. 

Identification of tumors 

By N. CHaiTDi^ Foot. 1948. Pliiladelphia, London, Montreal : J. B. 
Lippincott Co. Pp. xxi and 397 ; 248 text figs. $6. 

The sub-title of tliis book is “ Essential Gross and Microscopic Pathologic 
Features SystematicaUj^ Arranged for Easier Identification ”. It is, in fact, 
a short treatise on the pathology of the tumours of man, with special 
emphasis on their morphological aspects. The subject matter is divided 
into two main sections, nine chapters (96 pages) being concerned with 
“ Heoplasnas of general distribution ”, eleven chapters (257 pages) with 
“ Neoplasms of special sj-stems and organs ”. By the use of cross references, 
overlapping is avoided as far as possible. Chap. 21 (8 pages) provides 
details of technical methods of value in tlie diagnosis of tumours. Finally 
there is a “ Tabular locator for tentative identification of neoplasms ” 
extending to 25 pages. A very full table of contents and an index complete 
the volume. 

In his preface. Professor Foot states that the book is not intended to 
be either a sj-nopsis of oncologj' or a “ quiz compend ”. It is meant to 
serve as a brief guide to the identity of tumours and to stimulate the 
observer to further stud}-. “ It contains no extended discussions as to 
theories of origin, no statistical tables, few clinical data and no lists of 
references ”. Its contents are “ pared down to the essentials necessary for 
the identification and the diagnosis of a given tumor, with a hint as to 
prognosis here and there ”. 

Whether a book of this kind will acliieve its purpose as thus set forth 
we have very grave doubts. Its distinguished author would be the first 
to admit that identification of the less common tnmouis (not to mention 
the rarities) can onlj- be achieved by long and intensive studj* under an 
Bctoowledged master. Such a training, we also believe, should start at a 
fairly earlj- age — not later, shall we sa}% than 30 or 35. There is no easj- 
way, even hj- the use of a “ tabular locator ” such as the one here provided. 
A really full and comprehensive atlas or series of atlases of tumour histoloev 
would he mvaluable, hut the present volume has no such aspirations. Tlie 
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publishers describe it (on the jacket) as “ truly n quick reference ideally 
suited for nso by student, pathologist, surgeon or practitioner Well, vo 
just don’t believe it. 

This is not to saj' that Dr Foot’s book is without value. It contains a 
great deal of interesting and useful information and there are 248 illus- 
trations, of which no fewer than 160 linvo already appeared in the author’s 
“ Pathologj' in surgery ”. All the figures arc photomicrographs, and most 
of them arc excellent and well chosen. Naturnllj’’ enough the approoch 
is individualistic and there are no references. Tlicro are, on the other hand, 
some rather remarkable statements and peculiar usages. Tlio term 
“ metaplasia ”, for example, is mainly used as KjmonjTnous with anaplasia 
or dediffei-entiation, though correctly employed in relation to epidermoid 
carcinoma of the gallbladder (p. ICO). Ginnt-coll tumours of tendon shcatlis 
are said to bo “ essentially the same ns giant-cell tumors of bone ” (p. 67). 
The normal weight of “ a pnrnthjToid ” is given ns 3 g. (p. 208), neuro- 
epithelioma is said to bo “ commoner in the eye and peripheral nencs 
(reviewer’s italics) than elsewhere ” (p. 286). “ Socondnn,’ cholesteatomas ” 
of the ear occurring in connection with punctured oardmias nro said to 
bo duo to the heaping up of kerntinisod cells from the lining cpidonnis of 
the external auditory meatus. 

The figures, though serially numbered, nro not reforred to in the text, 
n defect which .should bo remedied in any future edition. 



PROCEEDINGS OE THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 

9lh and lOth July 1948 

Thi 0 BQventy-sixtli meeting of tlie Society ■was held in the University of Leeds 
on Friday and Saturday, 9tfa and 10th July 1948. 

Comttniiucatioiis and demonstrations 
The item marked with an asterisk is abstracted below 

T. D. Dav. The mode of hydration of interstitial connective tissue. 
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*J. E. Mobisok. Neoprene latex casts in the study of lung development. 
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R. F, Ogilvie. The treatment of aUoxan diabetes with anterior pituitary extract. 

W. H. Hughes. The influence of inflammatory localisation on immunity. 
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A. liV. DowNtE and K. McCarthy. Neutralisation tests on the chorio-aUantoic 
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R. Khox. a suggested method for rapid “ screening ” of intestinal organisms. 

G. T. Cook. Urea medium in the bacteriological examination of faeces. 
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G. E. Lumsben. Experimental “ allergic ” encephalomyelitis. 

W. Goldie, M. Gobdok and K. I. Johkstoke. Mutation in a single-ceU culture 
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relationship of toxins. 

C. L.^ Oakley, G. Harriet Wabback and Irene Batty. Antibody production 
in lymph glands, 

J- Zeisslee and C. L. Oakley. Cl. wdchii type F and its occurrence in enteritis 
necroticans. 

J. A. Sykes. Observations upon the effect of boric acid on the flagella of 
Proteus and its possible bearing on flagellar structure. 

W. T Astbdby and C. Weibull. An X-ray diffraction study of the structure 
of bacterial flagella. 

A. E. Praxcis. The use of B. aeroaporus (Greer) in teaching bacteriology. 
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F. Hawking, AV. L. M. Pr.nuY and J. P. Titithston, Tissue stages (oxo- 
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C. J. PoiNON. Nasal jiathologj' illustmted by a collection of sjiccimens. 
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NEOPRENE LATEX CASTS IN THE STUDY OF 
LUNG DEA-ELOPJIENT 

J. Edoati Mouison 

From the Institute of Pathology, Queen's University, Belfast 

In a largo number of foetuses and newborn infants, when neither mal- 
formation, birth trauma nor infection is demonstrable, the cause of the failure 
to establish or maintain aerial rcsjiirntion may remain obscure, oven at post- 
mortem. The defect may not bo primarily in the lungs, but it is essential that 
those organs should bo studied with particular care. Tissue sections, thick or 
thin, single or in series, fail to give a complete picture of the developing lung. 
The neoprene latex injection technique used by Duff and More (1044) and 
Truota ct al. (1047) for the blood-vessels of the kidney has boon modified, and 
complete injection and modelling of tho air 8]inces has been attained in both 
non-oxpanded and post-natally aerated lungs. 

Neoprene latex (B.B. Chemical Co., Leicester) is injected into a bronchus 
or tho trachea at a pressure of 30-36 cm. of water. Tho material shoidd fill 
and expand tho whole lung uniformly in a few seconds. JIucus, amniotic debris 
and detached fragments of bronchial epithelium may prevent entry into some 
areas. This is casj'' to recognise and, if filling is perfect elsewhere, may not be 
a serious defect. More serious is tho escape of latex into blood vessels and 
veins, and communications may then appear to ramify widely between tho 
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air spaces. Grossly asphyxiated or macerated foetuses are unsuitable. Only 
misleading appearances are produced if air is present in the lung at the time of 
injection. Complete injection into the smallest air spaces is essential. Air, 
and also amniotic debris, can be displaced through the air passages by saline 
perfusion through the pulmonary artcrj'. Tlie lung fills with fluid and expands, 
but collapses when the perfusion isT stopped. Methods of exerting imiform 
pressure on the lung externally so that it will collapse more quickly and com- 
pletely have been of little value ; time, and alternate expansion and collapse 
of the lung are required. Small quantities of fluid in the air passages may 
weaken the cast, but do not seem to distort it, and frozen sections should show 
perfect filling of the air spaces. Corrosion casts are prepared with concentrated 
hydrocMoric acid at 56° C. 

The method is inferior to those of Brock (1946) and Liebow et al. (1947) 
for the study of the relationship of the larger bronchi. It is chiefly of value in 
the study of the ultimate air spaces. For this a binocular microscope with 
twin objectives is required, and for disseetion it has been necessary to fashion 
knives from wafers broken from the edge of safety razor blades, to modify 
watch-makers’ instruments and to use the finest ophthalmic scissors. The 
cast is three-dimensional and photomacrography is exceedingly difficult. A 
1 in. lens giving a primary magnification of 10 has been most useful with fine- 
grain miniature films . The lighting of the specimen must be arranged to give 
modelling and an easy change from binocular microscope to camera is essential. 

In formol-fixed material it has been found that the cast gives such support 
to the .air spaces that they can often be separated from one another so that each 
carries with it its own proper tissues. These tissues can be stained or impregnated 
before or after dissection and a new clarity of localisation of the different 
elements is attained. Colour intensity in incident light and the power of the 
binocular microscope impose limitations here, but the neoprene cast becomes 
translucent in xylene and many clearing agents and sometimes transmitted light 
may be useful. 

Material is being collected, preserved and photographed to illustrate the 
growth of the air spaces of the lung from tube-like structures in an abundant 
mesenchyme to the complex structure of the full-term infant and yovmg child. 
Elastic-tissue networks can be demonstrated round blood vessels and air spaces 
and work on other elements is proceeding. The smallest blood vessels will 
probably require difficult double-injection techniques. 

The study of the lung must begin with its development and growth. This 
neoprene latex technique does not replace other methods but supplements 
them. Like many techniques it must be considered only as an instrument for 
a defined purpose. 
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THE CAUSATION OF ACUTE ARTERIAL NECROSIS 
IN HYPERTENSWE DISEASE 

F. B. Byeom and L. F. DoDSO>r 

St Vincent’s Hospital, Sydney, N.S.W. 

(PliATE Lxvn) 

OxE of the essential features of malignant hypertension is the presence 
of acute focal necrotic lesions (necrotising arteritis) in the terminal 
arteries and arterioles of many organs and especially the kidney, 
■where they are closely associated with glomerular necrosis and tubular 
degeneration. Because these lesions have an “ inflammatory ” 
appearance and because they are also found in the kidney in many 
kinds of primary renal disease complica'bed by secondary hypertension, 
mahgnant hypertension was long believed to be a form of primary 
nephritis in which the hypertension was a secondary effect of structural 
renal damage. In recent years, however, careful clinical and histo- 
logical studies of early cases have brought a growing conviction that 
mahgnant hypertension is a form of primary hypertension leading to 
but not caused by structural renal damage. 

When Wilson and Pickering (1937-38) and Goldblatt (1938) reported 
independently that in animals made hypertensive by Goldblatt’s 
.technique typical necrotising arteritis commonly appeared in many 
organs, it became possible for the first time to study the genesis of 
the essential lesion of mahgnant hypertension under controlled 
experimental conditions. While this opportunity has not. been 
neglected, considerable differences of opinion have been expressed 
in interpreting the available experimental results. 

According to one view, necrotising arteritis in the hypertensive 
animal is due essentiahy, if not whohy, to increased intravascular 
tension and the necrotising arteritis and associated parenchymatous 
renal damage of mahgnant hypertension are, by inference, likewise' 
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effects of the hj^pertension. This \-iew is therefore in complete accord 
wnth the modern concept of malignant hj'pertension. On the other 
hand, other liters believe that h 3 "pertension can cause vascular 
necrosis onty in the presence of a second (renal) factor, varioush' 
designated as urajmia and toxic absorption from dead or djung kidne 3 ‘ 
tissue. The implication that serious renal disease precedes the essential 
lesion of malignant hj'pcrtension is difficult to reconcile with the fact 
that in the earlj’ stages of the disease the kidney' is often clinically 
and histologicnllj’ almost normal. A third view attributes the lesions 
to renal damage alone and does not concede that increased intra- 
vascular tension is concerned. 

In this paper we shall attempt to answer three questions relating 
to the problem, namely : (1) Is hj-pertension concerned at all ? 
(2) If so, how does it cause the lesion ? (3) What additional renal 

factors, if anj', are neccssar}* ? 

Dcftnilion of terms 

The evidcnco bearing on this problem is mostly derived from two kinds 
of experiment which mu.st bo clearly distingnisliwl. 

A onc-kidne;/ experiment is ono in which the circulation to ono kidney is 
impeded by Goldblatl’s technique, often with minor modifications, the opposite 
kidney having been previotrsly excised. The solitary kidney will be laio\vn 
ns the " ischaimic ” kidney. Identical results nro obtained in animals with 
two kidneys, both of which arc rendered isclwmic, but to avoid confusion 
these will bo included in the term “one-kidney experiment”. This operation 
commonly causes permanent hypertension. 

A two-kidney experiment is ono in which ono kidney is made isohicmic, the 
opposite (or “ intact ”) kidney, with its vessels, being left undistiubcd. In 
mo.st animals this operation usually causes only a transient hypertension, but 
in the rat permanent hj-portonsion is common. 

The term “ vascular lesions ” refers to nc\ito focal nccrotising arteritis 
(fibrinoid arterial necrosis). It does not refer to the generalised hj-pcrtrophic 
or degenerative arterial changes, provoked or accelerated by chronic hyjjer- 
tension, which shelter rmder the omnibus term “ arteriosclerosis ". 


1. Is hypertension concerned at all 7 

The conclusion that hj'pcrtension is at least partlj' concerned 
was first derived from the finding that in one-kidney experiments 
the Iddney remained rcmarkablj' free from the vascular lesions which 
affected manj’^ other organs. Tliis has been demonstrated in the 
rabbit (Wilson and Pickering, 1937-38), the dog (Goldblatt, 1938), the 
monkey (Goldblatt, 1937) and the rat (Byi'om and Dodson, to be 
published). This finding has generally been interpreted as evidence 
that increased intravascular tension is concerned in causing the 
lesions, the clamp on the renal artery acting as a barrier against the 
raised tension, and this conclusion has been supported bj’- direct 
measurement of the pressure on the renal side of the clamp (Levy 
et al., 1938) and by the lack of medial hjqpertrophy in the renal arteries 
distal to the clamp. 
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In two-kidney experiments the evidence, which is based on the 
rat, is at first sight conflicting. Wilson and Byrom (1939, 1941) 
reported that vascular lesions occurred in the intact but not in the 
ischffimic Iddney and Friedman et al. (1941), who produced hj-per- 
tension by '^Tapping one kidney in cellophane, recorded a similar 
distribution. On the other hand Schroeder and Neumann (1942), 
using a ligature to constrict one renal artery, found frequent lesions 
in both kidneys, and Patton ct dl. (1943), with the same technique, 
also found lesions in the ischaimic kidney, though less commonly 
than in the intact organ. 

Tablu 

Nature and distribution of lesions observed in eight rats (scries 1) rendered hyper- 
tensive by constriction of the left renal artery with a cotton thread ligature 
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Smee Byrom and Wilson used a sUver clip to compress the artery, except 

re-examined this question in a short 
enes ot 12 two-kidney experiments on young adult albino rats (series 1) in 
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wliich tlio loft rennl artery was constricted by a cotton thread ligature to nn 
estimated internal diameter of 0‘25 to 0'35 mm. HjTJortonsion occurred in 
8 rats and, of those, C showed vascular lesions in the intact kidney and C in 
other organs (table). No vascular lesions wore found in the iBch.Tjmic kidney. 
In our hands, therefore, ligatures are ns effective ns clamps in 'protecting the 
kidno}' from vascular dnjnngo. 

Tho tabulated data of Schroeder and Neumann suggest an 
explanation for tlieir divergent findings. In their scries of 34 rats 
examined histologicallj-, arteriolar necro.sis in tho ischrcmic Iddney 
is mentioned in 12 instances. In each of these 12, and in only 4 of 
the remaining 22, medial lit-pertrophy of the arteries of tlic ischremic 
Iddney is also recorded. Wliatover maj' be the cause of nccrotising 
arteritis, there is no doubt that medial lij-pcrtrophy is a physiological 
adjustment to sustained h^'jjcrtonsion and tliat, therefore, in the 
rats that cbsplayed vascular lesions in tho ischremic kidney the ligature 
had provided an incomplete or inconstant barrier to the increased 
tension. 

Tlie available evidence from these several sources, therefore, all 
points to the conclusion that an eflcctivc barrier on the renal arterj* 
protects tho Iddney from vascular damage, ivliich suggests very strongly 
that increased intravascular tension plays a direct part in causing 
vascular lesions. It does not, of course, follow that it is the onl}^ 
factor concerned. 

2. How does incroasod intravascular tension cause arterial 

necrosis ? 

The sequence maj’^ bo most readily explained by assuming that an 
intravascular tension bordering on the limits of tolerance leads directly 
to sudden local overstretching of the vascular wall, the overstretched 
muscle undergoing necrosis and lysis. Plasma and blood may then 
seep into the weakened zone to be converted into a fibirinoid plug by 
tluromboplastin liberated from tho dead muscle, and nn inflnmmator}' 
infiltration would bo expected to follow in tho adventitia ns a first 
step towards repair. Such a sequence would bo in harmon}' ^vith the 
abrupt onset of the lesion,"^ its tendency to follow sharp rises in the 
blood pressure curve (Wilson and Pickering, 1937-38 ; iVilson and 
Byrom, 1939 ; Bjwom and Dodson, unpublished), its focal distribution, 
its necrotic nature and general histological characters, and its tendency 
to heal rapidly by fibrosis if the h 5 q)ertonsion is relieved (BjTom and 
Dodson). The h 3 qiothesis can, however, be submitted to more direct 
test, for, if it is true, it should be possible to produce tj-pical arterial 
necrosis in a normal animal bj’’ brief artificial overdistension of tho 
arterial tree. This possibility has been tested as follows : — 

In a series of 23 normal young adult rats (series 2), the left common carotid 
artery was exposed under ether on.'csthesia, dissected clear of tho vagus and 

• Lesions have been observed ns early ns three days after constricting the renal 
artery (Wilson and Byrom, 1939). 
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ligatured at its itppor end. Two additional ligatiu-cs .were x’laccd, ready for 
tvins:, on the eardiac side of the first. A short needle, boro O'C nun., bent to 
an angle of 135 degrees and attached through a 3-way tap to a 2-c.c. Record 
sjTinge, ■u-as inserted into tho carotid, directed towards the lieart and tied in 
position with the middle ligatiue. AVarm Ringer’s solution was then drawn into 
the syringe and injected into tho arterj* ns forcibly ns possible. This procedure 
was repeated from ten to fifteen times, after which tho carotid was ligatured 
and the needle withdrawn. In ten rats a length of thread was looped round 
the left renal artery and traction was applied diuing each injection to protect 
the kidney against tho increased tension. 

In a control experiment a wido bore needle connected with a mercury 
U-tube manometer of 1‘0 mm. boro, was inserted into tho lower abdominal 
aorta, the rat having been first heparinised. Each intra-carotid injection was 
observed to cause a sharp rise of pressiure in tho manometer followed by an 
almost equallj* rapid fall to tho previous level within two to three seconds. 
The increase in mean pressure observed was from 80 to 90 nun. Hg., but this 
figvue must be accepted wdth reserve, because a mercury manometer is ill adapted 
to measuring such rapid changes. There was, however, no doubt that the rises 
were transient and that, as the experiment proceeded, the resting pressure 
tended to fall markedly. In several animals the kidney was obser\'ed throughout 
the experiment. During each injection the cortex blanched momentarily as 
the wave of saline swept through. At first the normal colour was immediatel 5 ' 
regained but after several injections residual pallor was sometimes observed, 
usually limited to small irregular areas which slowly changed in shape and 
size. These changes were evidently due to transient spasm of the imderlying 
arteries in response to the mechanical insult. The injected fluid evidently 
escaped from the blood stream very promptlj', for the pancreas and mesentery 
became grossly cedematous after several injections. Apart from temporarj’ 
apnoea in some instances, the rats recovered quickly and completely from the 
experiment and seemed quite well when kUled tluee days later. 

At post-mortem examination the kidney, except where protected 
by traction on the artery, displayed either pinhead yellow flecks or 
larger areas of subcapsular pallor, and in a few rats similar changes 
were seen on the surface of the heart. IMicroscopical examination 
of the kidneys showed typical acute necrotising arteritis in ten of the 
23 rats (figs. 1-4). The lesions were focal and usually limi ted to one 
or two vessels in a complete section. The vessels involved were the 
arcuate and interlobvdar arteries and the afferent glomerular arterioles, 
and the essential lesion was necrosis of the muscle, often involving 
only a segment of the circumference. The affected fibres were 
autolysed and obscured by an exudate which sometimes extended 
into and beyond the adventitia, and contained irregular, brightly 
eosinophihe zones of fibrinoid material. Red corpuscles were often 
present in the lysed media. In the adjacent intact muscle some 
nuclei were vesicular and pale, some were pyknotic, and others 
displayed karyokinetic figures. The intimal endothelium was some- 
tunes displaced inwards by a watery or fibrinoid exudate, the elastica 
being sometimes stretched and fragmented. In the adventitia a 
conspicuous cuff of iofiammatory cells, including neutrophil and 
eosmophil leucocytes, lymphocytes, monocytes and spindle fibroblasts, 
•was usually present. In occasional arteries the lesion consisted of 
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simple coagulative necrosis of the media. As in human and experi- 
mental hjT)erlcnsion, the liistological picture varied in dificrent 
lesions. HjT^ertonsivo glomerular lesions were not ohserved. In a 
few instances vherc the lumen of the affected artery vas narrowed 
by intimal exudate the adjacent parcnchjTiia was inforcted, but as 
a rule parenchjnnatous changes were limited to moderate tubular 
degeneration. 

Traction on the renal artery was found to have protected the 
kidney against arterial lesions. In one such kidney, however, a 
small anrcmic infarct was observed, and in another a primary branch 
of the renal artery outside the kidney showed a small area of hyaline 
medial necrosis, possibly a direct result of traction. Xo vascular 
lesions were observed in other organs, but in one rat extensive 
acute necrosis of the mucosa of the stomach, with ccdenia of 
tlic submucosa, was found. Identical gastric lesions have been 
described in the rat after large doses of vasopressin (Dodds ct ah, 
1934 ; Byrom, 1937). 

This experiment shows that sudden brief rises in intra-arterial 
tension can directh’ cause tj 7 )icnl fibrinoid arterial necrosis in a 
normal animal and that the smaller arteries of the kidney are selectively 
\Tilnorable. It suggests that the relationship between increased 
pressure and vascular necrosis in experimental and human hj'pcrtension 
may be equally simple and direct, the arterial muscle giving way 
suddenly and locallj’’ under the .strain and provoking a vigorous attempt 
at repair. 

It is evident from the present experiment that while occasional 
renal arteries subjected to mechanical strain undergo necrosis, many 
more react bj' a spasmodic contraction intense enough to blanch the 
adjacent cortex. The lack of necrosis of the renal parenchyma, 
which is ver}’’ sensitive to sustained ischromia, indicates that these 
contraetions are very transient and are probably not, at least in the 
present circumstances, an essential link in the chain leading to arterial 
necrosis. The occurrence of spasm is, however, interesting in view 
of the widespread suspicion that some of the acute sjTnptoms in 
malignant hj’pertension, and especially those associated with 
encephalopathj'', may be caused by transient vasospasm. 


3. Are other factors concerned ? 

In his original paper on tliis question, based on one-kidnej^ 
experiments, Goldblatt (1938) expressed the opinion that vascular 
lesions appeared in the hypertensive animal onlj'- when the arler^'^ 
was clamped tightly enough to cause renal insufficiencj’-. Fasciolo 
and Cramer (1938) reported that the blood urea is not necessarily 
raised in animals displaying vascular lesions, but Goldblatt points 
out that the blood urea maj’’ bo normal in “ uraemia,” and in one- 
kidney experiments it is admittedly difficult, without frequent 
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Fig. 1. — ^Focal fibrinoid necrosis of a small renal 
arter3’. Tlie media of about ono-lialf of the 
circumference of the \essel has lost its struc- 
ture and merges into a broad zone of fibrmoid 
exudate, in the pcriplierj’ of uhioh are 
numerous inflammatorj- cells. H£cmatox3-lin 
and eosm. x loO. 



Fig. 3. — Siib-mtimal exudate in a small renal 
arterj-, slioiiing a localised area of wateix’ 
exudate between the endothelium and the 
intomnl clastic lamina. The adjacent medial 
muscle IS oedematous and an intense inflam- 
matory mflltratioii is visiible m the adven- 
titia. P.T'matoxj-lm and eosin. .-210. 



Fig. 2. — Focal fibrinoid necrosis of a small 
renal artery, show ing focal replacement of the 
medial muscle bj- fibrmoid material and a 
perivascular culT of inflammatorj' cells and 
fibroblasts. Tw o nuclei in the \ essel u all are 
greatlj' enlarged and displaj' karj okinetio 
figures. Hmmatoxj'lm and eosm. X 200. 



Fig. 4. — Simple coagulative medial necrosis of 
a renal arteriole. The \ essel is dilated and 
the media is structureless and devoid of 
nuclei. The intima and adventitia are 
normal. Hmmatoxyhn and eosm. y 180. 
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measurements of renal efficiency, to deny that renal failure may not 
occur at some stage of the experiment. 

The subsequent demonstration by Wilson and Bjnrom (1939) of 
vascular lesions in rats \ntli a second intact Iddney seemed to them 
strong evidence that uraemia Avas not an essential factor. Goldblatt, 
however, lias not accepted tliis conclusion and in liis latest paper 
(1947) he suggests that it was based on “ the erroneous assumption 
that the contralateral Iddney was normal ” and states that this, the 
intact Iddney, must have been affected by spontaneous pyelonephritis 
or hydroneplirosis which, he asserts, are common in apparently 
normal rats. He further suggests that some of the renal lesions 
attributed by Wilson and Byrom to hypertension were in fact due 
to such spontaneous renal disease. 

Implicit in Goldblatt’s objection is the assumption that in aU 
two-kidney experiments in which necrotising arteritis is found in the 
intact kidney or other organs, the intact Iddney must have been the 
seat of pre-existing spontaneous pyelonephritis or hydroneplirosis. 
This assumption is not valid, for the following reasons. 

In the first place the incidence of vascular lesions in two-kidney 
experiments is very high. In series 1 of the present experiment, 
seven out of twelve rats developed arterial necrosis. In Wilson and 
Byrom’s much larger series (1941) exact figures could not be given, 
for reasons stated by the authors, but an incidence of 50 per cent, 
would be a conservative estimate, in the opinion of one of the authors 
(F. B. B,). Schroeder and Neumann also stated that lesions appeared 
“ with great regularity ” in two-kidney experiments. The animals 
used in all these experiments were young adults, and it therefore 
becomes necessary to postulate that something like 50 per cent, of 
young rats are afflicted with spontaneous renal disease. Although 
Wilens and Sproul (1938) have reported a fairly high incidence 
(23-8 per cent.) of destructive renal disease, due perhaps partly to 
pyelonephritis, in aged rats, they stated that such changes were 
uncommon in young rats. This has been our own experience and we 
are not aware of any evidence to the contrary. Secondly, in the early 
stages of two-kidney hypertension, the acute arterial and glomerular 
necroses in the intact kidney, which bear no resemblance to the lesions 
of uncomplicated pyelonephritis, are focal, leaving wide areas of 
unaffected tissue, which should show histological evidence of the 
pyelonephritis or hydronephrosis postulated by Goldblatt, No such 
evidence was observed either by Wilson and Byrom or in the present 
series. Thirdly, in the later stages of two-Mdney experiments, the 
intact kidney may present a grossly abnormal appearance. Wilson 
and Byrom were satisfied that this was simply the end result of 
cumulative acute vascular damage. K it be assumed that they were 
m error and that this damage was due to spontaneous renal disease 
it still remains to account for the absence of histological evidence of 
this spontaneous disease in the opposite (ischamic) kidney. 



3C1 


F. B. BYBOM AND L. F. DODSON 


For those reasons ■\vo conclude lliat renal insufficiency, in the 
ordinary sense of tlio term, cannot convincingly be incriminated ns 
necessnrj’^ for tlie production of arterial necrosis in two-kidnoy experi- 
ments. This is not to say, however, that urreinin, when present, 
maj' not facilitate the dovolopinont of vascular lesions. 

Jloro recently a dual hj'pothesis of a different kind has been 
suggested by the work of Winternitz and his associates, who com- 
pared the effect in the dog of bilateral ne])hrcctomj*, complete occlusion 
of both renal arteries and ligature of both uretens. In the first, group 
death occurred in seven days and few lesions were obscri'cd apart 
from scattered ha;morrhngcs and .slight oedema. In the second group 
death occurred in 3-4 days, and vascular lesions resembling those of 
malignant hj^iertension in a])pearanco and distribution were found. 
Ureteric ligature gave a similar picture except that pronounced necrotic 
lesions were found in the glomeruli. 

In scries 2 of tfio i)rosent .study \vc Jinvo repented tlicso esperiments. Four 
groups of rnt.s were u.=ocl. 

Group “ *4 ” consisted of 7 rnts subjected to bilnternl nephrectomy. Tlio 
nverago sm^-ivnl time wns 70 liours. The henrt nnd pancreas were o.vnmincd 
microscopically. In two rats minute areas of necrosis were obser\'cd in the 
myocardium, tlio dcntl fibres being partly lysed nnd replaced by crj'throcytcs 
nnd inflammatory' coll.s. Js’o vascular Ic.sion.s were di.scovcred. 

Group “ B ” consisted of C rats in wliich both ureters were ligntm"od. The 
average survival time wns 71 hours. In 2 nits tiTiicnl nccrotising arteritis 
wns found in the pancreas and in the peri-pelvic connective ti.ssuo of the kidneys. 
The lesions were very scanty nnd involveil the terminal arteries. In both 
animals nnd in two other rat.s, focal cnrdiac Ic.sions similar to tho.so occurring 
in Group “ A ”, were found. Tlie.se were more evident in the right ventricle 
nnd they differed from tho cardiac necroses found in rats with experimental 
hypertension in tlmt there wns no evidence of nccrotising arteritis of tho adjacent 
coronary vessels. Tho kidneys appeared normal npart from .slight dilatation 
of Bowman’s capsules, tho convoluted tubules nnd tho renal pelves. 

Group “O" wns compo.sod of 7 rats in which both renal arteries were 
completely occluded by ligature. Tho nvorngc survival period wns 4S hours. 
No cardiac lesions were found in this group. Typical nccrotising arteritis wns 
foimd in tho pancreas of 2 rats. Tho kidneys wore completely infnrctod. 

Group “ D ” comprised 2 rats in which tho left renal nrtory was occluded 
by ligature. Tlio rats wore killed 3 days later but no lesions npart from infarction 
of tho kidney wero found. 

Tliese results confirm the American report that bilateral ligature 
of the renal arteries causes earlier deatli than neiilircctomy and that 
necrotising arteritis may follow ligature of either both renal arteries 
or both mreters. In harmony with these findings is tho observation 
by Wintemitz and his associates and by Loiter and Eichelborgor 
(1943) that injection of kidney and other tissue extracts causes vascular 
lesions in animals only if renal insufficiency is present. Although 
many writers have reported rises in blood pressure after ligature of 


* Owing to tho war wo woro unoblo to obtain Wintomitz’s original papers. Our 
information is dorivod from Braun-JIon6ndoz ct al., 1940. 
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tlie renal artnries or ureters, the increase is too small to accoimt 
satisfactorily for the vascular lesions observed. In the present series 
vre vere unable to obtain blood pressiure readings except within the 
24 hours of the various operations, and the readings were all witlun 
the normal range. 

It therefore appears that necrotising arteritis may be caused 
experimentally, in the absence of gross hypertension, by a combination 
of total renal insuificiency and total necrosis of the Iddnej'. This 
combination is never present in either experimental or human hyper- 
tension and it is well known that necrotising arteritis occurs in many 
conditions, e.g. peri-arteritis nodosa, in which hypertension is absent. 
We have alreadj' seen that in the hypertensive animal increased 
vascular tension is concerned in causing lesions and that ursemia is 
not necessary. Is it possible that absorption of toxic material from 
dead and dying tissue in the ischaemic kidney is a necessary adjunct 
to increased vascular tension in causing lesions ? 

In the case of one-kidney experiments it is generally agreed that 
the solitary kidney remains substantially or entirely free from structural 
damage in the dog (Goldblatt, 1938), the rabbit (Wilson and Pickering), 
and the rat (Byrom and Dodson). Renal necrosis cannot there- 
fore be an essential factor in one-kidney experiments. In two- 
kidney experiments, on the other hand, the ischsemic kidney is usually 
atrophied, sometimes to an extreme degree, and not imcommonly 
infarcted as well. However, in a considerable number of rats in 
Wilson and Byrom’s series in which vascular lesions were found, the 
ischsemic kidney showed only slight or negligible atrophy and, in 
many more, evidence of infarction was absent. The functional 
efficiency of the ischsemic kidney was, in fact, such as to permit 
successful excision of the opposite kidney in a considerate niunber 
of the rats. Rat 32 L.C. in series 1 of the present research is typical 
of this kind of experiment. The animal was a young male weighing 
160 g. which developed a steady hypertension of 160-180 mm. Hg. 
after constriction of one renal artery. Sixteen weeks later the rat 
suddenly collapsed and died from intraperitoneal hsemorrhage and 
gross necrotic lesions were found in the mesenteric arteries. Both 
kidneys appeared macroscopically normal, the left (ischsemic) organ 
weighing 0-86 g., the right 0-93 g. Assuming that atrophy of the 
former was balanced by compensatory hypertrophy of the latter the 
degree of atrophy of the ischEemic kidney was less than 4 per cent, 
by weight. Histologically this kidney appeared normal, while the 
right Iddney showed scattered chronic vascular lesions. It may 
therefore be said that while evidence of necrosis or gross atrophy of 
the ischffiimc kidney or of both is common in two-Mdney experiments, 
there are important exceptions in which this kidney is almost normal 
and m which extensive vascular lesions are nevertheless present 
elsewhere. Any hypothesis as to the genesis of vascular lesions must 
cover these exceptions. Braun-Menendez et al., in an ingenious attempt 
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to reconcile the available evidence, ouggest that arterial necrosis 
inaj', in dilTcrent cirenm.stancc.s, arise from a combination of any 
two of the three factors, hy])ertonsion, jiiwmia and toxic nbsori)tion 
from dead renal tissue. Even this clastic hyj)othesi.s docs not explain 
the appearance of lesions in exj^eriments in which clear evidence of 
cither renal failure or infarction i.s lacking. 


Di.scu.ssiox 

Our interpretation of the available evidence is that it providc.s 
strong grounds for acccj)ting the simple mechanical explanation of 
acute li}-])ertcnsivc vascular lesions, a view which is entirely in 
harmony with the modern clinical concept of maligtiant hj^icrtcnsion, 
and implies that the difference between benign and malignant hj'})er- 
tonsion is simply one of degree. TJic possibility of a .second renal 
factor cannot, however, be absolutely excluded, but as wo have seen, 
to satisfy the evidence, such a factor must bo one wliich can, on 
occasion, be derived from a degree of renal ischa-'inia too small to 
cause more than a very slight simple atrophy of one kidney. Wlicn 
qualified in this wa}' the dual In-pothcsis can be largely reconciled 
with the clinical evidence for the following reasons. The clinical 
conclusion that malignant luq)ertcnsion is a form of essential hT,q)or- 
tension rests on the observations that in the early stages of the 
disease there is no clinical evidence of renal disfunction and that, 
where it has been possible to examine the kidney histologically, no 
ob%’ious changes apart from occasional acute vascular and glomerular 
necroses may be found. But wlicn renal function is examined by 
the more sensitive clearance techniques developed by Homer Smith 
and liis associates (Goldring ef al., 19-il), malignant h 3 q)crtcnsion is 
found to be accompanied by carlj- abnormalities in the shape of reduced 
renal blood flow and diminution in the total mass of functional 
tubular tissue. There is, therefore, in early malignant In-pertension 
at least as much evidence of renal ischtemia as is found in some animals 
with vascular lesions. 

It might therefore bo argued that this renal ischremia contributes 
a “ toxic ” factor which is an indispensable adjunct to hj'pertension 
in causing vascular necrosis. If so, it I'cmains to account for the 
absence of arterial necrosis in benign hj^pertension, where the renal 
blood flow and tubular excretory mass are also reduced, and it becomes 
necessary to postulate that the renal ischremia is greater or develops 
more rapidty in malignant h 3 q)ertonsion ; in other words, that there 
is no qualitative difference between the two forms of essential lij’pcr- 
tension. Eor these reasons we suggest that there is no fundamental 
conflict between the clinical and experimental evidence regarding 
the nature of malignant hypertension. 

The case for an essential “ toxic ” factor of renal origin nevertheless 
lacks direct support and it seems sufficient to accept hjqpertensive 
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arterial necrosis as an expression of simple vascular strain. It is 
significant that the lesions are confined to the terminal arteries and 
arterioles of the greater circulation. These vessels interpose between 
the heart and the capillaries a powerful djTiamic barrier and are 
normally exposed to great stresses wliich are progressively increased 
in hypertension. In the malignant form of essential ln*pertension 
the strain is apparently greater, or is applied more rapidly, than in 
the benign form and causes a succession of minute catastrophes in 
these vessels. As Wilson and BjTom (1941) have pointed out, the 
participation of the renal vessels in this destructive process is of 
particular significance, since it reinforces the original hypertension 
and initiates a vicious circle. 

Lastly we have seen that, while there are good grounds for rejecting 
both uTEemia and frank renal necrosis as essential factors in causing 
arterial lesions, there is some experimental evidence that either may, 
when present, aggravate the production of lesions in hypertensive 
animals. It is therefore quite possible that these factors may play 
a secondary part in precipitating a “ malignant ” termination in 
chronic renal hypertension and may accelerate the later stages of true 
malignant hypertension. 

SmBtARY 

1. The available evidence indicates that increased intravascular 
tension is directly concerned in causing acute arterial necrosis in the 
hypertensive animal and, by inference, in human hypertensive disease. 

2. Neither urmmia nor “ toxic ” absorption from injured renal 
tissue is a constant or necessary factor in the process, but it is possible 
that either may, when present, facilitate the production of lesions. 

3. The lesion probably represents a vigorous attempt to repair a 
threatened breach due to local death and lysis of overstretched medial 
muscle fibres in the terminal arteries and arterioles. 

4. In harmony with the above conclusions it is shown that brief 
artificial overdistension of the arterial tree in the normal rat causes 
typical focal arterial necrosis, the smaller arteries of the kidney being 
selectively vulnerable. The same procedure causes more widespread 
but transient focal spasm of the small renal arteries. 

The expenses of this research have been defrayed by grants from the National 
Health and !Medical Research Council, Canberra. The authors are indebted to 
Dr A. H. Tebbutt and Dr G. V. Rudd for placing at their disposal the facilities 
of the Pathology Department, St Vincent’s Hospital. 
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l^rUTATION IN A SINGLE-CELL CULTURE OF 
CORYNEBAGTERIUM DIPHTHERIA 

W. Goldie, M. Gordon and K. I. Johnstone 

From the Department of Pathology and Bacteriology, University of Leeds, 
and the Public Health Laboratory, Northallerton, Yorks. 

(Plate LXVUI) 

McLeod (1943), in a comprehensive revie-w of the tlu-ee types of 
Gorynebacterium diphtherioe, defined their distinguishing criteria and 
discussed type stability. Though temporary variations may occur 
in unfavourable cultural conditions, there is much evidence of the 
general stabihty of the three types. Isolated cases have been reported, 
however, of spontaneous mutation under normal cultural conditions. 
Robinson (1934) described a change of type by the formation of papillae 
on colonies of an old iniermedius strain. Subcultures from these 
papillae gave colonies of gravis appearance, though they fermented 
starch only after several months’ training in starch-containing media. 
Mair (1936) described the development of rough variants arising as 
papillae on colonies of “ barred starch-fermenting ” strains. Carter 
(1946), in the routine examination of 1000 positive throat swabs over 
a' period of 9 months, discovered 14 strains which showed a similar 
change. These also were initially starch fermenters. 

Two strains of O. dipliflierim similar to those described by Carter 
were recently isolated at Northallerton. When first cultured on 
unheated blood-tellurite medium (Johnstone and Zinnemann, 1943) 
they had the typical colony appearance of intermedins strains, but 
also fermented starch. After three days’ incubation aU colonies 
showed from 1 to 6 papillse, subcultures from which gave typical 
gravis colonies. The original strains and their mutants will be referred 
to as “ intermedins ” and “gravis ” respectively. Prom one case (Robins) 
the strain was isolated in the “ intermedins ” phase on 25 occasions, 
showing mutation in culture only; on no occasion was a “gravis ” colony 
isolated on primary culture. From the second case (Lavin) the strain 
was twice isolated in the “ intermedins ” phase, but on 16 subsequent 
occasions the strain recovered invariably appeared to be the “ gravis ” 
mutant. No epidemiological relationship was found between the 
cases from which these strains were isolated, there being an interval 
of two months between them. They were of moderate severity, with 
no complications, and the patients, aged 7 and 21 years respectively, 
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wlio Imd been immunised, 'were both nursed in cubicles. Tlie .strains 
were studied after culture from single cells, one (Robins) lieing finnlly 
cultured from an organi.sm obtained after four succc.s.sivo single-cell 
isolations, with several intervening subcultures, each from a single 
“ hitcnncdius ” colonj' showing no evidence of papilla?. 


Technique of shujlc-ceU culture 

A slab of rloar nutriont npar 0-083 in. thick was cast in n fitcrilo rectangular 
brnc.s mould placed face downwarda on n slf-rilp glass filide, the latter being 
removed by a sliding motion when the agar had set. The agar was then cut 
into Hmaller blocks 0-2."iX 0-7.7 in. with a sterile knife, ntid each was placed on 
a .sterile slide, the surfaco east in contact with the glass being uj)[K’nnoHt. For 
C. (liphthcrur it was necessary to enrich the merliurn by spreading one drop of 
sterile ox scrum on the surface of each block and incubating at 37"’ C. in a Petri 
dish until visible fluid had di«apj)enred. The transparenoj- of the medium 
remained unimpaired. 

A faintly turbid suspension of the strain from an IS hours’ growth on heated 
blood agar was made in nutrient broth, and a minute loopful inocuIate<l on 
to one end of an agar block and allowerl to dry. The slide carrying the agar 
block was placed on the mechanical stage of the ob-^erving microscope (Johnstone, 
1913), the agar being protected from air contamination by a rectangtilnr 
Perspex cell with an opening at one end for the introduction of the micro-needle, 
and liaving a sliding cover interlocking with dust -excluding collars on the 
objectives and allowing of free movement of the stage. 

Tlie microscoiKj lamp of Ilarnard and Welch (1030), with a lOO-watt bulb 
and a { in. glass rod, was employed. A Holoscoj)ic immersion condenser 
(Watson), used dry and with the top lens replaced by the plano-convex eye 
lens of a no. 1 Lcit-/. ocular, had sunicicnt working distance to focus through 
the slide and agar block. Cell isolations were carrio<l out tinder a J in. para- 
chromatic objective (Watson), with a diaphragm 0-l-t7 in. in diameter behind 
tho back component to reduce tho aperture Hufliciently for dark -ground illumina- 
tion. This was obtained simply by swinging into tho optical axis a patch stop 
(0-6 in. diameter) in tho substngo carrier ring and opening tho iris fully. A 
compensating ocular ( x 18) was used throughout. 

Glass micro-needles, functioning ns tho motal noodle of Koblmiillcr and 
Viortlinlor (1933), wore used to remove solocted organisms from tho edge of 
tho inoculated area. They were made by drawing out thin glass rod (0-04 in. 
diameter) by liand in a micro-burner, tho tips being bent downwards towards 
tho agar surface. A stool ncodlo-holdor carried tho neodlo liorizontallj- and 
was clamped rigidly to one aporturo of tho rotating nosopioco of a second or 
manipulating microscope by means of a brass nosopieco attachment with tho 
standard objective thread. Tho needle tij) was centred in tho field by sliding 
tho manipulating microscope on tho smooth bench surface, both microscope 
stages being horizontal. Tho minute imago of tho light source at tho upper 
surfaco of tho agar was a valuable guide when adjusting tho micro-ncedlo. 
Vertical motion of tho neodlo was cITected by tho focussing adjustments of 
the manipulating microscope ; horizontal motion in both planes by tho mechanical 
stage of tho observing microscope, which moved tho agar surface relative to 
tho needle tip. Tho needle could readily bo swung out of tho optical axis by 
rotation of tho nosopioco of tho manipulating microscope. 

A single organism was drawn away from tho periphery of tho inoculated 
area in tho cono of water which surrounds tho neodlo tip when in contact with 
tho agar surfaco (Koblmiiller and Viorthalor), tho organism following in tho 
wako of tho needle and being under constant observ-ation. After removal for 
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several millimetres tlio needle was raised, leaving the solitarj- organism on the 

agar surface. . 

The needle-holder rvas then exchanged for a platinum needle which could 
be electrically heated (Johnstone) and was carried by a metal mount inter- 
changeable in the nosepioce attachment. The marking of the position of 
indi\-idual organisms, the incubation of the agar block and the method of 
subculture were all as premously described (Jolmstone), except that, owing 
to the small size of the colonies of C. diphtheria: after S-12 hours’ growth, 
inoculation was made directly with the tip of the platinum needle to the surface 
of heated blood agar instead of washing off the organisms from the needle 
with a loopful of broth. The micro-needles. Perspex cell, agar mould and slides 
were sterilised bv exposure for G hours to the vapour of 40 per cent, formaldehyde 
solution in a desiccator wliich had a small electric bulb incorporated to prevent 
condensation of water vapour. 

Tlie advantages of this modified teclmique are (1) complete isolation of the 
developing colonies and consequently fewer microscopical examinations during 
incubation to exclude overgrowth by neighbouring organisms ; (2) the area 
originally inoculated can, in the case of rapidly growing organisms, be removed 
after severing the agar block with a sterile knife through a line of pits made 
by the platinum needle, thus eliminating the possibility of overgrowth on to 
the isolated cells ; (3) more rapid manipulation and the advantage of direct 
or dark-ground illumination at will, enabling numerous isolations to be made 
without imdue eye-strain. 

Growth on various solid media 

The strains tvere inoculated on to the follotving media, of trhich the 
tellurite media were prepared with a low-temperature extract broth 
(Anderson et al., 1931), the others with autoclaved Wright’s broth. 

(1) Blood-tellurite media. On saponin-lahed blood -tellurite agar 
after 24 hours’ incubation the isolated colonies, about O-o mm , in 
diameter, were circular with entire edge and had a smooth surface 
with a dark grey centre and translucent periphery, i.e. they were 
typical intermedins colonies. After 48 hours’ incubation they had 
reached 1 mm. in diameter and still had a dark grey centre and 
translucent periphery, but many now presented 1-6 papillse. These 
were from 0-1 to 0-3 mm. in diameter, paler grey than the mother 
colony and with an almost smooth shiny surface. 

With continued incubation the papillse assumed a dark leaden 
colour, spread and coalesced so that by the fourth day some of the 
original “ intermedius ” colonies, particularly where well isolated, were 
almost completely overgrown and appeared as “gravis"’ colonies. 
Where the colonies were more congested, though stiU discrete, the 
papillse remained small and did not coalesce, and where the growth 
was confluent many colonies had no papfllse. If, however, the 
persisting “intermedius” colonies were subcxiltured to the same 
medium, papillse developed as before. After 7-14 days’ incubation 
some isolated colonies appeared as typical large gravis colonies 
up to 5 mm. in diameter. Suspensions of such whole colonies in 
broth, inoculated to tellurite medium, yielded almost pure “gravis” 
growtlis with less than 1 per cent, of “ intermedius ” colonies. 
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On healed hhod-iclhiriic agar pnpillrc also developed readily (figs. 
1-3). Thepnpillfo ni any stage of their development gave pure "gravis" 
growths on subculture. 

(2) Nnlrient agar. Tlio strains grew rcadil}' but showed only 
slight mutation, scanty papilla? being seen usuallj' after 5 days’ 
incubation. On occasional batches of nutrient agar, mutation occurred 
more roadilj'. 

(3) Scrum agar. Addition of 10 per cent, of horse scrum to the 
agar, though producing larger colonics, did not stimulate the develop- 
ment of mutant papilla?. On mitrient agar enriched with 50 i)cr cent, 
of ox serum and 0’0125 per cent, of cy.stine (Claubcrg cl ah, 1930), 
the colonies showed a great increase in size and were indistingui.«hable 
from those of the “ gravis ” phase, though on subculture to tellurite 
medium they still showed t\'])ical inirnnedins appearance and .size. 
Colonics of a normal infermediits .strain on the .scrum-cystine agar 
were very much smaller. The abnormal size of colony in the " inkr- 
medins ” phase was due almost entirely to the scrum, omission of cystine 
merely resulting in a slight diminution of colony size in both phase.®. 
No mutation was observed on these media. 

(4) Blood agar, {a) On 'unhealed blood agar, papilla? appeared early, 
being well marked after only two days’ incubation and often over- 
growing the mother colony by the third day. (b) On heated blood agar 
papilla? did not develop so readily, not appearing before the third or 
fourth day and then only on well-isolated colonies. After 24 hours’ 
incubation the " intermedius" growth showed a greenish appearance 
and this characteristic feature was enhanced by cnriclnnent of the 
medium with unheated rabbit scrum (Gordon and Higginbottom, 
1942). The opaque white papilla? which developed later stood out 
in sharj? contrast (fig. 4). 

In view of the absence of mutation on scrum agar and the strUdng 
appearance on blood agar, the effect of the addition of unheated 
washed horse-blood coiqiiisclcs to agar was investigated. It was 
found that, as coinijared with nutrient agar, mutation was stimulated 
in spite of a smaller colony size, painllro being visible to the naked 
eye after two days’ incubation. If low-temperature extract broth 
(Anderson et al.) were used instead of Wright’s broth in the pre- 
paration of blood agar, the formation of impilla? was also greatly 
stimulated. 

Appearance of colonies of the imitanl 

The mutant was also cultured from a single cell of a gi-owth 
obtained after successive subcultures from a “ gravis ” papilla. On un- 
lieated blood-tellurite medium the colonies were opaque, without the 
translucent periphery of the “ intermedius" tjqje and had a matt surface. 
They were paler grey than those of the mother strain, twice the 
diameter after 24 hours’ incubation and nearly thrice the diameter 
after 48 hours. On heated blood-tellurite medium the dais 3 '' head 
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I’lO. 1. — CoIoiii('4 of tiu' htrain IJobitis on IhmUhI blooiI-K'llurilo ngiir nftor 2-1 lioura' 
incubation. xT-fi. 

Fio. 2. — Tlio same coloniet after -IS Iioum’ inculiation, allowing multiple papill.t;. 

Flo. 3. — Two of tbo colonifi from fig. 2 enlarged to X 18 ‘5. 

Flo. -1. — -Ono colony of Htniin Itobinii on aerum bcntetl-blood agar, with opaquo white 
mutant papilla'. X IT-ri. 

Fio. 5. — Colonies of tho mutant from strain llobins on heated-blood tollurito agar 
after 24 hours’ incubation. Xi-.l. 

Fio. 0. — ^Tlic same colonie-t after 48 hours’ incubation, showing the typical daisy head 
appearance, x7-fi. 

' Fio. 7. — Tho strain Lavin in tho “ intrr/neilius ” phase, from a culture on heated-blood 
agar, showing tho clmracteri.stic barring. Methyleno blue. X 1300. 

Fio. 8. — ^Tho strain Lavin in tho “f/racM” phase on tho same moditun, showing more 
uniform staining. Methylene blue, x 1300. 
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colony, typical of gravis strains, ^vas vrcll matkcd (figs. 5 and 6). 
These mutant colonies -were of a much firmer consistency than the 
soft, easily pulped “ intermcdius ’’ colonies and could be pushed along 
the surface of the medium Trith a loop. On unheated blood-agar 
colonies of the mutant and of the “ intermedins ” strain showed no 
evidence of haemolysis. 

Growth in broth 

The “ intermedins ” phase. After 24 hours’ incubation there was a 
granular deposit with a fine granular supernatant. A pellicle first 
appeared after 3 days, becoming as well marked as with a typical 
gravis strain on the 4th or oth day. Subcultures to tellurite media in 
the first 24 hours yielded only pure “ intermedins ” colonies, but scanty 
“ gravis ” colonies appeared in one made at 48 hours, while at 72 hours 
the subculture was mainly “ gravis ” in type, with few “ intermedins " 
colonies. On continued incubation the number of “intermedins” 
colonies in the subcultures decreased progressively ; none was detected 
after 14 days. In an occasional batch of broth, mutation did not 
occur so readily and it was observed that no pellicle appeared in its 
absence. 

The mxdant. After only 24 hours’ incubation a slight pellicle 
appeared, becoming heavy and of gravis character after 48 hours. 
There was a slightly granular supernatant with a coarse flocculent 
deposit. 

Morphology 

Films firom 18-hour growths of the two phases on heated blood 
agar, stained with methylene blue, showed differences in morphology. 
The “ intermedins ” phase (fig. 7) had the characteristic barred appear- 
ance, with occasional clubbing of the ends, whereas the organisms in 
the “gravis” phase (fig. 8) were shorter, the majority having only one 
bar and some being uniformly stained. 

Fermentative properties 

Tubes of Hiss’s ox-serum water (pH 7*5) contaming one per cent, 
of sucrose, starch and glucose respectively and inoculated with the 
organism in the “intermedins” and “gravis” phases showed in both 
cases failure to ferment sucrose, production of acid and clot in the starch 
medium within 24 hours and very slow fermentation of glucose. The 
reaction of the glucose medium was not reduced to pH 6-8 till after 
2 days’ incubation and clotting did not occur till the fifth or sixth day. 
Neither the intermedins ” nor the “ gravis ” phase developed any 
capacity for more rapid glucose fermentation after daily subculture or 
prolonged culture for a month in Hiss’s glucose serum water. The gravis 
strain subsequently isolated ftom the case Lavin showed identical 
fermentative reactions and in particular the slow fermentation of 

glucose, a feature not shown by any other gravis strain isolated in 
the hospital. 

2b 
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To dctonnino •\vliethor the formentntion of stnreh ivas due to the 
organism in tlie “ intermedins" jthnsc or to mutants, tubes of 

Hiss’s scrum water containing one per cent, of starch were inoculated 
from 12-hour broth cultures shown to contain the organism in its 
two phases respectively. After 8 hours’ incubation, subcultures from 
the Hiss’s media were made to unheated blood-tellurite agar; there- 
after 4-hourIy during the first 24 liour.s, twice daily for the ne.vt 2 days 
and daily for a further 10 days, when the cultures became sterile. 

The results (table) show that the changes in reaction proceeded 
at identical rates. After 12 liours’ incubation, fermentation had 
occurred in the "intermedins" culture, with reduction of pH to 7*0, 

Taiiu: 


A compnrifoyi of the chnugc.t i« reaction of Jlitot'ti flarch-scrinn uatcr -inocnlaUd 
u'ith “ intonncdin‘1 ” and “prnvis” mutant phagcn of etraiu " Itobmet" nx 
relation to the appearance of mutants from the. " intorm(yIiii‘? ” phase. 


Tlrn<' of 
lnrul»ntlon 
(liour?) 



** JrtrrnfiiUi 

•• 

’‘ftrarii" nmta.ut 

rit 



;>)t 

f'lnltln? 

rrr*4*nfe 


of iiM ilium 

ofiiifUIutn 

of iiiuUnt< 

of Tn«JIum 

of in- ilium 

of niuU!it< 

0 

7-0 


Xono 

7*0 

_ 

Piiro groivtli 

8 

7-3 

— 

•• 

1 colonv 

7-3 


»» »» 

12 

7-0 


7-0 

— 

»* »» 

10 

<0-8 

-f 
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<0-8 


»» *• 

20 
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»» ♦» 

24 
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(» ♦» 
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3 colonii-t 



«• M 

48 

f* 

-r + -b -i- 

1 colonv 

.. 
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t* *• 
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72 
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-f -f-b-f 

ft 

•• 
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— = no clottinp 

-f, nnd -f T- J- = pnrtinl clotlinR 

-f-r-f-f = complete clotting 

Presence of mutants shown by subculture to tellurito medium 


when only one colon 3 * of the mutant appeared on subculture te> tellurite 
mediiun in an othenviso pure “ intermedins ” groirth. Partial clotting 
occurred after 16 hours, when subculture showed less than 0-2 per cent, 
of "gravis” mutant colonies. Complete clotting occurred after 
36 hours, but the proportion of “ gravis ” mutants present became 
even less. It appears, therefore, that the organism in the “inter- 
medins ” phase could ferment starch, since if fermentation were 
due solely to the “ gravis ” mutant, it would proceed much more 
rapidly in the tube inoculated with the pure mutant. A control 
gravis strain tested in parallel fermented starch at the same rate 
as the “ gravis ” mutant and a control intermeditis strain failed 
to ferment starch. 

After 3 days’ incubation, subcultures from the tube inoculated with 
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tlie “ intermcdhts ” phase yielded almost pure “ iniermedius ” growths, 
■with only occasional colonies of the mutant. To determine whether 
the non-development of the mutants was due to the fermentable 
carbohydrate or -to the Hiss’s medium per se, the experiment was 
repeated -with Hiss’s serum water alone and with the same medium 
containing added sucrose, starch or glucose. Fourteen daily sub- 
cultures to tellurite medium showed onl}’’ scanty mutation in the 
glucose and starch media, but none in the remainder. Subcultures 
after the first 6 days’ incubation made to nutrient broth tubes, however, 
developed pellicles in all cases after 4 daj’^s, ■with abundant “ gravis ” 
gro^wths on inoculation to tellurite media. Even after 30 days there 
was no e^vidence of mutation in the Hiss’s serum water, which is in 
agreement with the failure of serum to stimulate mutation when 
added to agar. 

In view of the absence of mutation in Hiss’s serum medium, the 
orgaiusm in the “ gravis ” phase was repeatedly snbcultiued in this 
medium and on inspissated serum slopes. After dail3’' subculture for 
a month, there was no e^vidence of reversion to the “ iniermedius ” 
phase as shown by subculture to tellurite medium and none after 
prolonged culture for the same period. 

Animal experiments 

Both iniermedius ” and “gravis” phases were virrdent, as tested 
by subcutaneous inoculation of guinea-pigs from Loeffler slope cultures. 
Where recovered, the organism was always in the same phase as when 
inoculated, as sho^wn by culture on unheated blood-teUurite agar, but 
the “ iniermedius ” colonies still developed mutant papiUse on further 
incubation. There was therefore no e-vidence of mutation firom 
“iniermedius ” to “ gravis ” phase, or "vice versa, in the guinea-pig. 


Discussion 

In any study of the stability of types of C. diphtherice the purity 
of the strain must be beyond question and to obtain this by single 
colony selection firom closely related bacterial forms may present 
special difficulty, as stressed by Gins and Fortner (1926). Carter 
emphasised the value of single-cell cultures. The difficulty then 
experienced in obtaining gro^wth from single cells has now been 
overcome by the use of serum-enriched agar, and the improved 
techmque for the isolation of individual cells has eliminated the 
possibility of contamination by adjacent organisms. 

Variations occru firequently in bacterial populations, but in many 
cases modifications, especially those induced by environment, are 
traMient (Dubos, 1945). Those associated with the production of 
papilla appear to be more permanent and may be described as 
mutations. The papillary subcultures firom the strain described show 
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all the cliarnctcristics of gravis strains. The mother strains differ in 
exhibiting intermedius cliaractori.stics in morpliology, consistency of 
colonics, appearance of growth in brotli and on blood-tellurite 7ncdin, 
and the greenish colour on scrum-licated-blood-agar medium (Gordon 
and Higginbottora). Though the diffcrenco in colonial appearance is 
abolished on the serum-C 3 ’stine mcdiinn of Clauberg ct ah, both phases 
resembling gravis strains, subculturc.s to other media still show the 
original colonial differences. The much smaller size of a tj-pical 
intermrdivs colon.v on serum-cystine medium, however, suggests a 
relationship of the strains Robins and Lavin to the gravis t 3 ’]) 0 . 

Both phases also ferment starch, a feature usually' associated with 
gravis strains onlj’. Tliis is of significance, since most attempts to 
induce starch fermentation bj* non-starch-fermenting strains have 
failed and Menton ct ah (1933) and Christison (1933) suggest that 
starch fermentation is a more important differential feature than 
cultural or morphological characteristics. Stuart (1938) described 
starch-fermenting strains with intermedins colonial appearance and 
morphologj', but thej* differed from the mutating strains in that 
thej’^ retained these characters for years in culture and never 
produced a pellicle in broth. The stability of fermentative reaction 
is further emphasised b^- the unu.sual slow fermentation of glucose in 
both phases of the mutating .strains ; fermentation thus appears not 
to bo influenced bj’ changes in morphology’ and colonial appearance. 

The tendency’ to mutate varies with the culture medium, being 
minimal on nutrient agar. It is stimulated by’ the incorjioration of 
washed red blood corpuscles, but is uninfluenced by’ serum in spite 
of a groat increase in growth. Mutation, therefore, is not directly 
related to bacterial population alone, though it proceeds much more 
rapidly’ when factors stimulating imitation and growth, ns in whole 
blood, are both present. The u.so of low-temperature meat-extract 
broth in the agar base also stimulates mutation. 

The behaviour of these mutating strains in vivo is of epidemiological 
interest. Do similar changes take place in the animal and human 
body, or arc they’ only’ an adaptation to life on artificial media under 
certain conditions, as Parr and Robbins (1942) suggest occurs in 
the “ domestication ” of bacteria 1 No evidence of mutation was 
found during the short period (maximum 3 day’s) for which the animals 
survived after inoculation with the “ iiitcrmcdUis ” phase and Carter also 
found no evidence of mutation in the guinea-pig, but there is some 
evidence for mutation in the human body’. Mair found a change to 
the gravis type in the human subject in one of the 14 cases from which 
mutating barred starch-fermenting strains wore isolated. In one of 
om cases (Lavin) from which the “ intermedins ” strain was obtained 
initially, a gravis strain was subsequently’ isolated. This, in view of 
its slow glucose fermentation, appeared to be identical -with the 
mutant obtained in vitro and probably arose by mutation in vivo, 
but the possibility of a gravis cross infection, though minimised by 



MUTATION OF C. DIPHTHERL'E 


377 


cubicle nursing, cannot be completely excluded. The significance 
of these mutations in the epidemiologj^ of diphtheria must await 
further observations on the incidence of similar strains. 

Summary 

1. Two strains of C. diphiJicrim are described wliich showed colonies 
of iniermedius appearance and developed papillaj, subcultures from 
which j-ielded tj'pical gravis strains. 

2. The strains and the mutants were cultured from single cells 
by an improved technique, which is described, enabling multiple 
single-cell isolations to be made on the surface of a solid medium 
by direct or dark-ground illumination. 

3. The characteristics of the strains and their mutants are 
compared. 

4. The mutation is shown to be influenced by the nature of the 
culture medium, being stimulated by the presence of blood pigments 
but not by serum. 

5. No mutation was obtained in animal experiments, but evidence 
of mutation in the human body was adduced in one case. 

We -svish to thank Professor J. W. McLeod and Dr K. Zinnemann for helpful 
criticism, Mr J. Hainsworth for photomicrography, and Mr A. Myers and 
Mr W. Ivory -Hollingsworth for technical assistance. 
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TRILOCULAR. HEART WITH BILATERAL 
AIiHIURYSjNIAL dilatation of the PUL- 
MONARY ARTERIES 

George J. Co-xischam 

From the Department of Pathology, St Bartholomew's Hospital, London 

(Plate LXIX) 

TuiLOCirLAR hearts may have either a single auricular or a single 
ventricular chamber and the rarity of the condition is indicated by 
the fact that in a series of 1000 cases of congenital heart disease 
collected by Abbott (1936) only 42 such cases vrere found. Of these, 
15 had a single auricular chamber and therefore fall into the class 
of interatrial septal defects. 

Ovring to the mechanical abnormality of the circulation in these 
individuals, severe strain is thrown on the right side of the heart and 
pulmonary circulation, giving rise to an advanced form of cor pulmonale 
and often to marked dilatation of the pulmonary arteries. In spite 
of this, it is surprising to find that the average age at death is about 
thirty-sis years, while occasional cases have survived to more than 
seventy years of age (Roesler, 1934 ; Tamower and Woodruff, 1936 ; 
Bedford, Papp, and Parkinson, 1941 ; Burrett and White, 1945). 
That this clinical and pathological syndrome is well recognised amongst 
cardiologists is apparent firom a recent excellent account of 53 cases, 
10 of which came to post-mortem (Bedford et al.). It was felt, however, 
that on account of its general rarity the clinical and pathological 
features were less familiar to pathologists. The present case, being 
that of a hospital dispenser, was under constant observation for 
more than twenty years. These facts, together with the typical course 
and strikmg post-mortem findings, make the case worthy of record. 


Case report 

Clinical history. The patient, a male dispenser, was aged 51 when he died, 
^ere was no history of cyanosis at birth, but in 1902, when aged sis years, 
he had a “ fit ” and an attack of “ blueness,” was unconscious for three or 
lour weeks and confined to bed for six months. He subsequently ^owed great 
im^ovement and during adolescence was able to walk as much as twenty to 
hirty miles m a day. In 1920 he had his first attack of palpitation, and although 
his recui^ from time to time during the next nine years, the attacks were 
onlj of short duration and could be relieved by stooping. They appeared, 
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liowovcr, to bo bocominp more Fovcro, nntl in 1020 ono of (bom did not respond 
to simple measures. Jn 1032 n similar ntlnck necessitated admission to hospital, 
when ho was found to have marked cyanosis, dyspiinvi at rest and auricular 
fibrillation. This and similar attaclcH during the next ten yenm ivero adequately 
controlled by quinidino tlicrapy and the patient apiieara to have remained in 
modcratol}' good health. Ily 10-12 bis condition had deteriorated and on 
admission to hospital he was found to have marked cyanosis and dj-spnena 
at rest, venous pulsation in the necl:, alight enlargement of tho liver and an 
crythrocytosis of 7 millions jier e.min. X-ray examination of the chest showed 
considerable enlargement of tho left aurielo and an cnormnu.s jirojection from 
tho right .side of the heart in the auricular region. Auricular fibrillation was 
confinned by electrocardiographic examination and a bundlo branch defect 
was observed in addition. AVhilo some general improvement followed rest and 
quinidino therapy, further severe attacks followed. In lOlfi a severe attack of 
auricular fibrillation was accompanied by a ha-moptj'sis of about 2 oz. In 1917 
lio was much worse and was admitted to liospital on account of cyanosis and 
dyspneea. Although he improved tempomrily, his contlition subscqucntli' 
detoriorated, culminating in death from congestive lie.art failure. 

Post-mortem findings. The general nutrition was good. Marked 
cyano.sis of tlic lips Avas present. The pericardial cavity contained 
onl^' a few c.c. of stratv-colonred fluid and the .sac itself appeared 




Fig. 2. — Diagram of valvular defect in present case, with normal vahnilar 
disposition (above) for comparison. 


normal. The heart showed marked enlargement, especially of the 
right ventricle. The pulmonary conus and arterj’- Avere enlarged 
to about twice the size of the aorta, Avhile tho single auricular caAnt3'^ 
Avas dilated and its appendages AV’ore distended by ante-mortem clot. 
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Tlie right auricular appendix was obscr%*ed to be pointing posteriorly 
instead of in the normal anterior direction. No trace of an inter- 
auricular septum could be found (fig. 1), and the membranous part 
of the interventricular septum was also absent, though the muscular 
portion appeared to be normal. The division between the single 
auricle and the ventricles was incomplete, the medial cusp of the 
tricuspid valve and the anterior cusp of the mitral valve being joined 
to one another (fig. 2). Both these cusps were bifid, and the resulting 
malformed structure was firmly adherent to the upper margin of 
the interventricular septum (fig. 1). The remaining cusps of the 
tricuspid and mitral valves showed some thickening, and the right 
ventricle was hypertropliied and dilated. The aortic and pulmonary 
valves were normal. The ductus arteriosus was identified and found 
to be completely closed. Both puhnonarj^ arteries, starting 
immediately beyond the bifurcation of the main trunk, were the seat 
of aneurysmal dilatation which extended for a distance of about 
15 cm., the condition being more marked on the left than on the 
right (fig. 3). Both aneurysms were filled with a large mass of ante- 
mortem thrombus, parts of which appeared to have formed at different 
times. Marked atheroma could be seen in both pulmonary arteries, 
extending down to the smaller branches. The lung tissue generally 
was firmer in texture than normal and the bases were congested. 
Only one small recent infarct could be found — in the left lower lobe. 
The bronchial arteries were traced near the origin of the main bronchi 
and were found to be moderately enlarged. The peritoneal cavity 
contained about 300 c.c. of clear yellow fluid. The liver weighed 
1850 g. and the cut surface was “ nutmeg ” in appearance. The spleen, 
which weighed 105 g., was firm and congested on section. The kidneys 
were deeply congested but showed no sign of present or past infarction. 

Histology. Pulmonary aneurysm. The elastic layer is present, 
though markedly thinned out in some places. The adventitial layer 
shows increased fibrosis and patches of atheroma are present in the 
intima. The atheromatous plaques show both calcification and the 
presence of cholesterol clefts. The lumen is occupied by thrombotic 
material, much of which is recent and fibrinous, though some of it is 
old and well organised. 

Auricle. The wall shows hypertrophic thickening, though there 
is also evidence of muscle-fibre atrophy with replacement fibrosis. 

Right ventricle. The muscle fibres are thinner than normal and 
show other evidences of atrophy. The blood vessels are much congested 
and one small venule contains ante-mortem thrombus. 

Lungs. Sections from several portions of each lung show con- 
siderable thickening of the walls of the larger pulmonary arteries, 
vith narrowing of the lumen due to sub-intimal fibrosis. The smaller 
arteries are similarly affected, and one of them contains in addition 
an organised thrombus.^ Although thinning of the alveolar walls 
with rupture is present in places, the predominant change is fibrous 
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thickening, togctlicr will vasculnr congestion nncl tlie presence of 
“ heart fnihire ” cells. 

Liver. The appearances of advanced chronic venous congestion 
arc present. 

Di.'icusmm 

While the majority of patients with patent foramen ovale suffer 
from no clinical symptoms during life, those with large atrial septal 
defects sooner or Inter develop a t3*])icnl clinical picture. 

The separation of the main atrial from the main ventricular 
chamber is brought about at an early stage of development by the 
growth and fusion of the dorsal and ventral endocardial cu.shions. 
Later the atrium becomes divided by the interatrial septum which 
results from the fusion of the septum primum and septum secundum. 
In the nonnal interatrial scjitum, the .septum secundum is represented 
by the portion above the foramen ovale, the septum primum by the 
portion below it. It follows that some idea of the nature of the patency 
can bo obtained by observing its position in the septum relative to 
the position of tho foramen ovale. In the present case careful search 
failed to reveal the presence of ain- portion of tho septum. A prominent 
band of tissue on the anterior atrial wall was examined histologically 
and found to consist of cardiac muscle, and accordingly regarded ns a 
limbic band. The portion of tho atrium between tho entry’ of tho 
superior vena cava and right pulmonary veins was given particular 
attention, though it was realised that in congenital disease of the 
heart there is frequently an abnormal entry’ of the pulmonary veins 
into the right atrium. It has been stated that failure of fusion of 
tho endocardial cushions always results in an abnonnality of the 
tricuspid or mitral valves (Costa, 1931 ; Rogers and Edwards, 1948). 
In the present case both tho medial cusp of tho tricu.spid and the 
anterior cusp of the mitral were bifid. Tin’s valvular malfonnation 
therefore indicated that there was failure of fusion of tho endocardial 
cushions in addition to maldevclopraent of tho interatrial septum (fig. 2). 

Atrial septal defect is the most frequent congenital cardiac mal- 
formation and occurs either alone or in association with a varietj’ of 
other cardiac abnonnalitics. It has two ver^’ interesting character- 
istics. First, in contradistinction to other congenital heart lesions, 
it is onlj’ very rarol}’- followed by tho development of subacute bacterial 
endocarditis. Second, it is tho onl}’ congenital heart lesion which is 
at all frequently associated with mitral stenosis and therefore also 
with auricular fibrillation (Wolbach and Abbott, 1915 ; Lutombachcr, 
1916). Tho present case was unusual in that there had been auricular 
fibrillation over a long period, yet wthout any evidence of mitral 
stenosis post mortem. 

Clinically, cyanosis may never become manifest in congenital 
heart disease. On the other hand it may dominate the clinical picture 
throughout, or appear only in the later stages (“ ej’anoso tardive ”). 
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Fig. 1. — Vie\^ of heart from above ; it has been opened posteriorly. 2sote broad 
band of tissue in anterior auricular wall, also common auricular catnty. The 
bifid cusps of the tncuspid and mitral valves are seen adherent to the underlymg 
mter-\ entncular septum. Tlie left ventricle is held open by a glass rod. Xote 
that the right auricular appendix is pomtmg posteriorly instead of anteriorly. 
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TBILOCULAR HEART AND PULMONARY ANEURYSM 3S3 

Cases of interatrial septal defect fall into the cyanose tardive 
group and the typical course is well illustrated by the present 
example. The harmful effects of the abnormality are due to the 
passage of a proportion of the circulating blood from the left to 
the right auricle. Proof tliat this occurs has been recently forthcoming 
in the work of Stead and Warren (1947) and Howarth, McJIichael 
and Sharpey 'Schafer (1947), who demonstrated by means of intra- 
cardiac catheterisation that, at rest, oxygenated blood flows through 
the septal defect from left to right. As a result of tliis shunt a great 
strain is thrown on the right side of the heart and the right ventricle 
undergoes hypertrophy in an attempt to deal with the larger volume 
of blood reaching it. In some cases this enlargement has progressed 
until, in the latest stages of the disease, the right ventricle is deaMng 
with an amount of blood three times as great as that dealt with by 
the left. In the earlier stages there is no cyanosis, since the shunt 
takes place from left to right, and a proportion of the blood is thus 
being passed twice through the lungs for oxygenation. While this 
mechanism continues the patient remains moderately well in spite 
of the cardiac enlargement. Indeed, in the present case we have 
evidence that the exercise tolerance at twenty years of age was very 
satisfactory, for he was in the habit of walking as much as twenty 
or more miles a day. Cardiac decompensation first revealed itself in 
the form of exertional dyspnoea and transient cyanosis, though the 
exact date when this occurred was uncertain. It would appear that 
the first really serious attack of cyanosis was associated with auricular 
fibrfllation fifteen years before death. Auricular dilatation was 
present at this time, and the cyanosis in these cases of “ cyanose 
tardive ” is merely a signal that the shunt has become reversed and 
that the blood is now passing from right to left in the auricular chamber. 
In the present case rest and quinidine restored the normal auricular 
rhythm, with consequent improvement in the cyanosis. In later 
years further attacks of auricular fibrillation became progressively 
more difficult to control, until a state was reached in which cyanosis 
was more or less permanent and the auricular fibrillation was resistant 
to quinidine therapy. By this time cardiac failure was well established, 
and it is a remarkable feature that in cases of interatrial septal defect 
failure rarely appears until the third decade of life, in spite of the gross 
circulatory abnormality and the severe strain imposed on the right 
side of the heart. Even more remarkable, perhaps, is the fact that, 
as in the present instance, patients may survive up to fifteen years 
after the failure first manifests itself. 

This case also illustrates excellently some of the other adverse 
factors which may come into play. As a result of increased pulmonary 
pressure atheromatous degeneration was produced in the already 
dflated pulmonary arteries and the long-continued anoxia had given 
nse to a severe degree of erj^throcytosis. Thus to stagnation in a 
miated pulmonary arteiy there was added, as a result of cardiac 
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EBSTEIN’S ANOIMALY OF THE TRICUSPID VALVE 


Kekxeth W^\XTO^• and A. G. Spexcer 

Dcpariment of Morbid Anatomy and Medical Unit, 
University College Hospital 


(Plates LXX axd LXXI) 


CoxGEXiTAL malformation of the tricuspid valve is rare. In a series 
of 1000 cases of congenital heart disease, Abbott mentions 13 instances 
of stenosis and 25 of tricuspid atresia, many of them associated vrith 
other developmental defects. Nevertheless a great variety of tricuspid 
anomahes have been described (Herxheimer, 1910 ; Abbott, 1946). 
Ebstein (1866) vas the first to report a congenital displacement of 
the tricuspid valve associated vrith patency of the foramen ovale. 
Since then, 15 similar cases have appeared in the literature and these 
havebeenreviewedbyYater and Shapiro (1937-38). Two further cases 
have recently been reported by Zink (1937) and Bauer (1945). 

The^ essential feature of Ebstein’s anomaly is the downward 
d^lacement of a malformed tricupsid valve into the right ventricle. 
Whereas the anterior leafiet is in part attached to the annulus fibrosus, 
the remainder arises with the middle and posterior leaflets from the 
nght ventricular wall and interventricular septum. The right side 
of the heart is thus so divided that part of the right ventricle functions 
■^th the right auricle; The individual leaflets are thickened and 
sonietimes undifferentiated. Incompetence results from short chord® 
endmise and poorly developed papillary muscles. Both right auricle 
and nght ventricle are dilated and hypertrophied. The foramen 
ova e IS usually patent (16 out of 19 cases), possibly as a result of 
ne mcreased pressure within the right auricle. The Eustachian and 
e esian valves are often well developed and may help to prevent 
regurgitation of blood into the ven® cav® and the coronary sinus, 
in features of the anomaly are represented diagrammaticahy 


deJet "V! ^‘"t^^stic clinical picture, as this depends on the 

through mcompetence and the volume of blood shunted 

the ® foramen ovale. Dyspnma, cyanosis and clubbing of 

X-rav I marked or absent. The heart is enlarged and 

^long svaS^r oliambers are mainly affected. 

L mammal m the third and fourth left intercostal 
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On admission tho most noticeable fenturo was tho pronoimced cyanosis 
with siuprisingly little dj’spnoea. There was no clubbing of tho fingers, Tlio 
pulse was regular at 80 beats a minute, with normal arteries and fundi. Tho 
blood pressure was 140/90 mm. Hg., but had boon 170/110 when measured in 
tho out-patient department a week beforo. Venous congestion in tho neck 
was over tlneo inches ; tho veins could bo emptied and did not pulsate 
excessively. There was moderate osdoma of tho ankles and rales were present 
at both lung bases, but there was no ascites or pleural effusion. Tho liver was 
tender and palpable two inches below tho right costal margin ; it did not show 
expansile pulsation. A forcible apex beat was palpable inches from tho mid- 
lino in tho Cth intercostal space. Tlio percussion note was normal at tho base 
and tho right border of cardiac dullness was 2 inches to tho right of tho midlino. 
Apart from an accentuated second sound over tho pulmonary area tho heart 
sounds wore normal and there wore no murmurs. Tho following investigations 
were mado at this time. 

X-raj/. Enlargement of both ventricles and auricles without prominence 
of conus arteriosus. Lung fields congested (fig. 2). 

E.C.G. Low voltage curves, normal rhytlun and right ventricular pre- 
ponderance (fig. 3). 

Blood. Hb 100 per cent., R.B.C. 0,000,000, AV.R. — : Serum anti-com- 
plementary. 

Circulation time. Docholin arm-tonguo time 23 seconds. Ether arm-lung 
time 12 seconds, but end-point indefinite. Tho cyanosis and high venous 
pressure disproportionate to tho dyspnoea being still unexplained, it was 
considered that an estimation of tho vital capacity might help to exclude a 
pulmonary cause, and that direct measurement of tho venous pressure would 
establish this factor bej’ond doubt. 

Vital capacity ; 2370 c.c. (normal 3600 c.c.). 

Direct incasuremeut of venous pressure (Kendrow, 1920) : 14 cm. of saline, 
■with normal respiratorj’ exclusion and no excessive systolic pulsation. 

Tho congestive heart failure was at first considered to have been precipitated 
by hj'pertension and coronarj’ disease, but ns this did not account for tho verj' 
high venous pressure and marked cyanosis, other factors were discussed. The 
slight dyspnoea with high venous pressure was consistent with a diagnosis of 
constrictive pericarditis, but tho other clinical and radiological features of this 
condition wore absent. Clu-onic cor pulmonale could produce tho congestive 
failure, cyanosis, polycythaimia and loud pulmonary second heart sound, and 
the X-ray and electrocardiographic ci-idcnco of right ventricular hj’pcrtrophy, 
but the absence of signs and sjTnptoms of pulmonary disease, tho poor response 
to oxygon therapy and tho relatively normal \dtal capacity did not support 
tins diagnosis. Congenital heart disease was suggested by tho right ventricular 
hypertrophy and cyanosis, but tho absence of murmurs and of any characteristic 
cardiac configuration mado a certain diagnosis impossible. 

Complete rest, restricted fluids -with low salt intake, digitalis and oxj'gen 
therapy produced no clinical improvement. A few hours after a small vene- 
section (300 c.c.) tho classical sjunpioms and signs of a large pulmonary embolism 
occurred, and later those of infarction of tho left lower lobe. Tho source of this 
embolus was probably tho calf veins, ns thrombosed and tender veins were 
subsequently felt in both legs. Treatment with heparin and Dicoumarol was 
begun at once and controlled by frequent prothrombin estimations, but after 
ten da 3 ^ this therapy was discontinued in order that a large left pleural effusion 
could be tapped. Frank hajmnturia occurred at this time, although tho pro- 
tlirombin and clotting times were normal. The patient continued desperately 
iU, with repeated hiomoptyses and recurring left pleural effusion, and she died 
three weelrs after the pulmonary embolism. 
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EBSTEIV’s THICUSPtD VALVE ANOMALY 



Fig. 2. — ^X-ray showing enlargement of both ventricles and auricles (without prominence 
of the conus arteriosus) and congestion of the lung fields. 



Fir.. 3.— E.C.G. showing low voltage curve, 
onual rhj'thm and right ventricular pre- 



Fig. 5. — Section through mter\'entricular 
septum. A = interauricular septum ; M = 
mitral valve ; S = displaced septal cusp of 
tricuspid valve ; V = interventricularseptum, 
Reticulin stain, x o. 
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Autopsy report 

Tlie autopsy was parfonned by Professor G. B. Cameron 25 houm 
afteVdetrLtcruk, the features of note ™ 
the lips and mucous membranes and the su-cUmg and cedema of both 

edarsed ,425 g.). HyP— ^ 
dilatation of the right side of the heart ^erc Particularly oWs^ 
The pericardial sac contained 5 oz. of cleat, stratt-coloured but 
there itas no evidence of pericarditis. There vras a moderate amount 
of subepicardial fat and the coronary veins were congested. 

Fa?L. The tricuspid valve was found to be displaced, malformed 
and obviously incompetent. The true atrio-ventncular openmg was 
widely dilated, being 15 cm. in circumference. The actual onfi 
the valve was also dilated and the line of attachment of the cusps was 
displaced downwards into the right ventricle. The opening 
hounded medially by a smaU incompetent septal cusp and antenor y 
and lateraUy by a single membrane which represented the fuse 
anterior and posterior cusps. The septal cusp arose frona e m er 
ventricular septum and ventricular wall 3 cm. below t e ann us 
fibrosus, its normal line of attachment. This cusp was ^ 

normal, irregularly roughened and thickened and the chor re arisi^ 
from it were mostly short, thin and inserted directly into the ventoc ar 
wall without the intervention of papillary muscles (fig. 4). The cusp 
was, in consequence, bound down to the interventricular wa 
clearly incompetent. The anterior and posterior cusps were fused 
at their adioining edges, forming a single membrane arising in P^^ 
from the interventricular wall and in part from the wall of the ventricle 


below the atrio-ventricular groove. 

Apart from a slight Monckeberg’s ring in the aortic valve, the 
other valves showed no abnormality and were competent. 

Chambers. The right auricle was dilated and its wall was thin. 
The dilatation extended to the auricular appendage, which contained 
in a ddition anumber of small ante-mortem clots adherent to the 
muscle. The inter-auricular septum showed a sht-like patency of 
the foramen ovale. The opening present was 1 ’5 cm. wide and passed 
obliquely forward through the septum into the left auricle. The 
opening of the superior vena cava was guarded by a well-marked 
Eustachian valve. The coronary sinus was dilated but no defimte 
Thebesian valve was present. Due to the displaced position of the 
tricuspid valve a portion of the right ventricle was “ atrialised ”, 
i.e. was functionally continuous with the right auricle. 

The left auricle was free from clot. The opening in the anterior 
border of the foramen ovale was guarded by a crescentic valve-like flap. 

The left ventricle was normal in size and shape. The muscle of 
the left ventricle showed patchy fibrosis at the apex and on its septal 
surface. 
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Tlie walls of all four chambers folt firmer and more fibrous than 
normal. 

Vessels. Tho aorta and pulmonar 3 ’ artery' were in normal relation- 
ship with one another and with their respective ventricles. The 
aorta was narrowed throughout its length and showed moderate 
atheroma of its abdominal portion. A small atheromatous plaque 
considerably' narrowed the anterior descending branch of tho left 
coronarj" artery but complete occlusion had not occurred. 

A paradoxical embolus was found in the loft common iliac artery. 
This was a loose ante-mortem clot about 0-5 cm. in diameter and 
o cm. in length l.ying free within tho loft common iliac arterj* and 
extending into tho external iliac arten**. Tho source of this embolus 
appeared to bo a large ante-mortem tlirombus firmlj' attached to the 
wall of the left femoral vein and extending dovm the log to the 
commoncomont of tho popliteal vein. 

Evidence of embolism and infarction was also found in the lungs, 
spleen and both Iddnej's. An infarct in tho lower lobe of the loft 
lung occupied tho whole lobe and was accompanied by’^ a massive 
fibrinous pleurisy in the loft pleural cavity. The remaining organs 
were congested but showed no other pathological abnormality. 

jMicroscopic examination showed no evidence of rheumatic di.scase 
in tho mymeardium or in tho malformed valve. Tho my’oeardium of 
both ventricles and of tho right auricle showed widespread fibrosis 
of tho tyqpo associated with long-standing ischajmia. Tho lumen 
of the loft descending coronary'’ artery’’ was partially’’ filled by' an 
atheromatous plaque containing microscopic foci of calcification. 
The smaller vessels throughout the my'oeardium showed hy’aline 
tliickcning of their walls and great reduction of their lumina. 

The cause of death was my'ocardial failure associated -with chronic 
my'ocardial fibrosis and tricuspid insufficiency, the latter being caused 
by a congenital abnormality of the tricuspid valve (Ebstein’s anomaly). 
Pulmonary embolism and infarction, infarction of tho spleen and 
ludneys and paradoxical embohsm involving the left common and 
external iliac arteries originating from the left femoral and popliteal 
veins were also found. 


Summary 

Previously reported cases of Ebstein’s anomaly of tho tricuspid 
valve are reviewed in summarised form and a further case shoAving 
in addition the phenomenon of paradoxical embolism, is reported. 

We wish to record our grateful thanks to Professor G. R. Cameron, Professor 
H. P. Himsworth and Dr M. L. Rosenheim for encouragement and permission 
to report this ease and for their help in preparing tho manuscript. 
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576 . 8 . 077 • 34 • 576 . 851 • 4 ^ {Bad. coli var. neapolitanum) 

SLIDE AGGLUTINATION OE BACTEBIU3I COLI 
VAE. NEAPOLITANUM IN SUMMER DIARRHOEA 

John Bray and T. E. D. Beavan 

From Hillingdon Hospital, TJxhridge, 

Investigations made during 1943 (Bray, 1945) showed that a 
particular serological type of Bad. coli was recoverable from 95 per 
cent, of cases of summer diarrhoea or non-specific gastro-enteritis of 
infants. Originally these strains were detected by taking advantage 
of the delay which, under certain conditions, they showed in the 
fermentation of maltose. In the present investigation, carried out 
during 1945, the method of slide agglutination was used for the 
detection of these strains, as the earlier method of isolation proved 
unreliable. The results suggest that this method might be of practical 
value for the laboratory confirmation of the clinical diagnosis of a 
particular type of gastro-enteritis. 

Clinical material 

During 1945, 40 cases were diagnosed as gastro-enteritis in infants 
of a mean age of 5 months, the cases being spread over the period 
Eehruary to October. Faecal samples from these and from 80 non- 
diarrhoeal controls from the same wards were examined, the cases 
selected being from bottle-fed infants imder one year of age. 

In three-quarters (28) of the diarrhoeal cases the disease was of 
a severe type, i.e. requiring parenteral fluids, and there were 11 deaths 
(28 per cent.). The characteristic smell noted by Beavan (1944) was 
obviously present, although not especially sought for, in 17 cases. In 
nearly half the cases (18) it was considered that the disease had been 
acquired during the infant’s stay in hospital. 

Post-mortem findings 

Six autopsies were performed and the fin^gs were character- 
istically meagre. In 2 cases there was marked monilial oesophagitis. 
There was macroscopic evidence of fatty changes in the liver in 4 , 
In 3 cases partially digested blood was present in the stomach, but ’in 
Mne were there significant changes in the mucosa of the intestines, 
^dema of the brain was noted in 4 cases. Agglutinable strains of 
Pact, coll var. neapolitanum were isolated from all these cases. 
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Methods 

Foecal samples from each caso were plated on desosycholate-citrate agar 
and MacConkey’s agar. The former -was examined for non-lactoso fermenters 
with the usual laek of significant findings, except in one caso where Bact. sonnei 
was isolated. From the MacConkoy’s agar a single pink colony was picked 
and tested on a slide against the antisonim wluch had been used in the 1943 
investigations (Bray, 1946) and which liad been preserved in tlie refrigerator. In 
the selection of a colony, one wliich was transparent to transmitted light and 
not ob\dously rough or mucoid was taken. Otherwise, apart from choosing one 
that was well isolated, the colony was taken at random. Before use the serum 
was diluted with saline 1 in 10 and the final dilution on the slide was approxim- 
ately 1 in 400. In spite of this there were few doubtful reactions. Agglutination 
was, in the positive cases, usually immediate and unequivocal and of the 
granular land, lilco that given by an O strain. 

The identity of all agglutinating strains was later confirmed by tube agglutina- 
tion and the testing of fermentative reactions against sucrose, salicin and maltose, 
and by motility tests. After picking the colony the MacConkoy plate was laid 
aside on the bench and examined from time to time for the growth of Slonilia. 
It had been previously noted that an easily recognisable growth of Monilia 
appeared in about 4 days in the form of discrete granular white domes on the 
site of the thickest inoculiun, whore the coHform growth was confluent. 


Resui-ts 

Table I shows the number of isolations of Bac(. coli var. nmpolit- 
anum resulting from the investigations of 1943 and 1945. 

TAnnE I 

Isolations of Bact. coli var. ncapolitanum (B.C.N.) from cases of 
gastro-enterilis and from controls 



Onstro-cntcrifls 

Controls 

Year 

Xo. of cases 

I'oInUon of 
a.c.N. 

(per cent.) 

Mortality 
(l>ct cent.) 

No. of controls 

Isolation of 
B.C.N. 

(per cent.) 

1943 

50 

05-0 

30 

100 

4 

1045 

40 

87 -S 

28 

80 

4 


In the gastro-enteritis samples the slide agglutination was positive 
in 35 cases. Later tests showed these strains of Bact: coli to be of the 
same type as those reported in the earlier communication (Bray). 
In the controls, agglutination was positive 5 times, 3 of the strains 
being of the same type as those from the diarrhoeal cases, the other 
2 of a different type as judged by fermentation and motility tests ; 
in other words there were 2 false-positive agglutinations. Considering 
its dilution of 1 in 400, therefore, the serum seemed to show consider- 
able discrimination. 

With regard to the Monilia, these yeasts grew in 15 of the diarrhoeal 
oases (37 per cent.) and in 18 (22-5 per cent.) of the controls. 
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Although ]\ronilia is found rather frequently in the mouths of 
normal adults (14 per cent., Todd, 1937) it seems that there is a close 
connection between the presence of Jtoniha in the oral cavity (Anderson, 
Sage and Spaulding, 1944) and perhaps in the feces (Ludlam and 
Henderson, 1942) and the existence of clinical tlirush in new-born 
infants. It is likely that our figures represent a high incidence of 
thrush infection in the wards, although we have no clinical data to 
confirm this. The point to note is that there is little difference in the 
incidence of Monilia in the feces of the diarrhoeal and non-diarrhoeal 
cases. 

Identity of strains 

It has been noted that in isolating the strains the slide agglutinations 
were done with the antiserum prepared in 1943. During 1946 a 
further antiserum was prepared in the rabbit against one of the 
strains (G.R.) isolated in 1945. Thirteen of the 1945 strains, which 
had been preserved in nutrient broth at room temperature, were 
tested against it by the tube-agglutination method. The results were 
that 10 of the strains were agglutinated to titre, 2 had become rough, 
and 1 strain which in the meantime had lost its agglutinability to 
the 1943 serum also failed to react with the 1946 serum. A strain 
(Lindsay) which had been isolated in 1943 and preserved was also 
agglutinated, to titre, by the 1946 serum. While the type of agglutina- 
tion on the slide was granular, in the tubes it was semi-flocculent 
and showed some adherence to the sides in the lower part of the tube. 

Identity of the 1943 and 1945 strains was farther supported by a 
small number of absorption tests which were carried out in the manner 
described by Mackie and McCartney (1948). The 1943 and 1946 
sera were each absorbed with a strain of the homologous and hetero- 
logous organism and then re-tested for agglutination against the 
same 1943 and 1945 strains. It was formd in each case that the 
agglutinins had been removed from the sera. These results are shown 
in tables II-IV. 

The various serological tests may thus be summarised : 

(1) Serum 1943 tested against Lindsay (1943) in order to determine 
titre. Approximately 1 in 8000. 

(2) 38 strains (1945) isolated by slide agglutination with the aid 
of 1943 serum (results confirmed by tube agglutination). 

(3) Serum 1946 prepared against G.R. (1945). Titre 1 m 16,000. 
his serum was prepared in a rabbit of the same strain and the same 
osage of bacterial suspension was used as in the preparation of the 

1943 serum. • 

(4) 1 3 strains of 1 945 origin tested by the tube-agglutination method 
against serum 1946. 10 strains were agglutinated to titre. 

(5) Lmdsay (1943) shown to agglutinate to titre with 1946 serum. 

(6) Serum 1943 absorbed with Lindsay (1943) and G.R. (1945) 
and re-tested against these strains. The agglutinins for both strains 
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were shown to have been completely absorbed by each. S imil ar 
absorption of the 1946 serum gave identical results. 


Table II 

Absorption of 1943 serum bij strain O.R. ( 1945 ) and 
strain Lindsay ( 1943 ) 


Final dilution 

1 1 In 

j 1000 

lln 

2000 

1 In 
4000 

1 In 
6000 

lln 

10,000 

lln 

32,000 

Control 


Unobsorbod sortun 


G.R. suspension . 

■ 

4- 

4- 

+ 

4- 

m 

B 

Lindsay suspension 

H 

+ 

+ 



B 

B 


Serum absorbed with Lindsay 


G.R. suspension . 

_ 

_ 

_ 



_ 


Lindsay suspension 









Serum absorbed witb G.R. 


G.R. suspension . 

■ 

B 

B 

m 

B 



Lindsay suspension 

■ 

B 

B 

B 

B 




Table m 

Absorption of 1940 scrum with the homologous strain O.R. and 
'strain Lindsay ( 1943 ) 


Final dilution 

1 in 
2000 

1 in 
4000 

1 In 
6000 

1 In 
10,000 

1 In 
32,000 

Control 


Unabsorbod serum 


G.R. suspension 

4" 

-f 


+ 

— 

_ 

Lindsay suspension . 

+ 


+ 





Serum absorbed with G.R. 

■ 

G.R. suspension 


_ 





Lindsay suspension . 



— - 



B 


Serum absorbed with Lindsay 

■ 

G.R. suspension 

__ 

— 

B 

— 



Bl 

Lindsay suspension . 



B 



Bl 


(7) Two other 1945 strains (Fisher and Alyott) were used to absorb 
the 1946 serum. On re-testing the serum against these two strains 
agglutinins were found to have been removed as in (6). Unfortunately 
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vre have no record that this absorbed serum also failed to agglutinate 
strain G.R., so that the identity of these two strains with G.R., though 

probable, is not proved. 

• TiUiii: IV 


Absorption of 1946 scrum with strains Fisher (1945) and Alyoll (1945) 


rinal dilution 

1 In 
500 

1 In 
1000 

1 In 
2000 

1 in 
4000 

1 In 
SOOO 

1 In 
16,000 

Control 


Serum xmabsorbed 

■ 

Fisher unboiled suspension 
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In these experiments broth cultures grown at 22° C. overnight 
and diluted with normal saline were used. The water-bath was kept 
at 56° C. and the results read after overnight incubation. 

Nature of antigens 

Little work has been done to elucidate the nature of the 
agglutinogens present in these bacteria. Broth cultmes of G.R., 
Bisher and Alyott were boiled for ten minutes in the water-bath and 
tested against the 1946 serum. No difference was foimd in titre 
whether using the boiled or unboiled cultures. This indicated that 
H agglutinogens were not responsible for the agglutination. On the 
other hand on heating the serum to 70° C. for 10 minutes, at which 
temperature 0 agglutinins are labile, the titre was not shown to be 
altered when tested against a single strain. 

Alpha agglutinins of Stamp and Stone (1943-44) 

These agglutinins are present in the sera of some rabbits, possibly 
as the result of infection with paracolon bacilli, and their presence 
has been found to lead to false positive reactions in diagnostic slide- 
agglutination tests. It was considered possible that these agglutinins 
might also be present in our sera. An alpha-agglutinating serum 
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and also an appropriate bacterial strain -were procured and a number 
of slide agglutinations carried out. No evidence was found of the 
presence of agglutinins of this type in the antisera we had prepared 
or of the corresponding agglutinogens in the Bact. coli var. neapolit- 
amivi strains. 


Action on carbohydrates 

A characteristic of the strains isolated in 1943 was that of late 
maltose fermentation under the conditions of the test as defined in 
the earlier communication. Tliis, in contrast, was not a property of 
the strains isolated in 1945. Only one of the 13 strains tested against 
maltose showed any delay in fennenting this carboliydrate. It is 
clear, therefore, that this is not a characteristic which can bo relied 
on in the primary isolation of these strains. 

With regard to sucrose and salicin the findings were similar to 
those of 1943. With both these substances fermentation was demon- 
strated if the tubes were kept in the incubator for 4 daj's. All the 
strains, like those of 1943, were non-motile. 


Discussion 

Considering the multiplicitj’’ of antigenic types of Bact. coli normally 
found in the gut of the same and different persons (Boimn, Corre and 
Lehoult, 1942 ; Wallick and Stuart, 1943), and considering also that 
positive slide agglutinations were got so easily' from the diairhoeal 
cases by the picldng of a single colony, it is strongly suggested that, 
in certain cases of gastro-enteritis, the coliform flora of the gut 
becomes replaced by a single type of these bacteria — a tj'jie which is 
found but rarely in normal children. 

As difierent t5Ties of Bact. coli appear very alilce on a MacConkej’^ 
plate, the alteration from the normal is not apparent until the bacteria 
are investigated serologically. 

Thus one is tempted to postulate that there exists a tj^pe of 
gastro-enteritis in bottle-fed infants wliich has a high mortality rate and 
an association with warmer weather, and is marked clinically in manj' 
cases by a seminal smell and bacteriologically by a change in the 
Bact. coli flora of the gut. 

This type of gastro-enteritis might be separated on the one hand 
from infections due to Bact. sound, wliich appear to have a greater 
incidence in older children and are marked clinically by the presence 
of blood and pus in the fseces, and on the other from the cases of 
gastro-enteritis, including neonatal diarrhoea, which are distinguished 
by no special features, clinical or bacteriological. 

What setiological connection, if indeed an}’-, Bact. coli var. neapolit- 
anum has to this suggested group of cases remains, in the absence of 
the demonstration, for example, of an enterotoxin, entirely sub judice. 



SLIDE AGGLUTINATION OF COLl VAli. IsTSiVTOLITAiOBI 401 

StDIMABY 

The teclmique of slide agglutination has been applied to the 
detection of a serologically homogeneous type of Bact. coli var. neapolit- 
amnn ia cases of smnmer diarrhoea. 

Results rrere positive in 87*5 per cent, of the cases, and, if 2 false 
positive results are excluded, in onl3' 4 per cent, of the controls. 

The firequency of IMonilia in the feces of these cases vas also 
investigated by culture. 

To 3Ir John Stevenson, for his valuable technical assistance, our thanks. 
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POSTSCRIPT 

Since this communication went to press, our attention has been drawn to 
a paper by Giles and Sangster (1948) in which it is stated that two types of 
Bact. coli were recovered in an epidemic of infantile gastro-enteritis occurring 
in 1947 at Aberdeen. One of these types, which was identical biochemically 
and serologically with strains Lindsay (1943) and G.R. (1945), was recovered 
m 94-7 per cent, of cases. Both the Aberdeen strains were sensitive to strepto- 
mycin in vitro (Giles, 1948). 
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STARCH - FERMENTING GELATIN - LIQUEFYING 
CORYNEBAGTERIA ISOLATED FROM THE 

human nose and throat 

W. H. H. Jebb 

Public Health Laboratory, Oxford 

Ix routine examination of nose and throat swabs for Corynebacierium 
dipJitherics, organisms morphologically suidlar to C. diphtherios var. 
gravis are occasionally isolated which ferment glucose, maltose and 
starch rapidly, hut are sufficiently atypical to call for further investiga- 
tion. They liquefy a gelatin slope slowly at room temperature and 
on intradermal injection into guinea-pigs produce ulcerative lesions 
not neutralised by diphtheria antitoxin. On subcutaneous injection 
of the organisms, however, diphtheria antitoxin will sometimes protect 
a control guinea-pig &om death. 

Litebat (JRE 

There are many references in the literature to diphtheria-like orga n is m s 
associated with morbid conditions of the throat and neighbouring parts which 
were pathogenic for guinea-pigs and were neutralised incompletely, if at all, 
by diphtheria antitoxin (Ruediger, 1903-06 ; Hamilton, 1904, 1907 ; H a mil ton 
and Horton, 1906 ; Havens, 1920 ; Wells, 1932). Biochemical details, however, 
are not given in the description of most of these organisms and it is not possible 
to be certain that they were of the typo under consideration. 

Gilbert and Stewart (1926-27) investigated a series of gelatin-bquefying 
corj-nebacteria which were isolated from thirty-one patients over a period 
of six years. They named their organism Corynebacterium ulcerans ; it fermented 
glucose, maltose and dextrin in serum water and failed to reduce nitrates to 
nitrites. Starch fermentation was not tested. 

Mair (1928) described the reactions in guinea-pigs injected intradermaUy 
and subcutaneously with a strain which Barratt (1933) later foimd to ferment 
starch and liquefy gelatin. With this strain intradermal injection led to 
necrosis and pus formation at the site of injection in both test and control 
guinea-pigs, even if the control animal was given as much as 2000 units of 
antitoxin. If the organisms were given subcutaneously, an rmprotected 
guinea-pig died in three days with the usual signs of diphtherial infection, 
but a guinea-pig which had received 1000 imits of antitoxin on the preceding 
day survived, though an abscess developed at the site of inoculation. 

Barratt (1933) investigated the strain isolated by Mair and four strains which 
she herself isolated, and compared them with diphtheroids of her groups TTT 
and V (Barratt, 1924-25) and with a strain of Corynebacterium ovis. She showed 
that subcutaneous injection of Slair’s strain 2255 into a guinea-pig produced 
marked congestion of the suprarenals, but that with the other starch-fermenting 
gelatin-liquefying strains the suprarenals were practically unaffected and the 
post-mortem appearances were similar to those in guinea-pigs dead after the 
inoculation of a cvdtme of C. ovis (see also Came, 1939). 
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Petrie and McClean (1934), wlio studied the toxins produced by G. diphtheria; 
and C. avis and concluded that there -was no relationship between them, also 
investigated the toxins produced by some of the strains used by Barratt (1033) 
in her investigation. Their ob3er\’ations showed that the iMair strain produced 
a toxin immunologically identical with diphtheria toxin and a toxic element 
not neutralised by diphtheria antitoxin. The work also indicated that the 
toxic constituent of the !Mnir strain not ncutralisablo bj’- diphtheria antitoxin 
liad an affinity with the to.xin of C. ovia. 

ExrERniEXTAL OBSERVATIOXS 

Six starch-fermenting gelatin-liquefying strains of C]lor}Tiebacterium 
were isolated at Oxford during twelve months. These were investigated 
together with Mair’s strain, the Stead and ReveU strains studied by 
Barratt (1933) and by Petrie and McClean, and 17 strains from other 
sources. Of these 2G strains, 24 were from nose or tluroat swabs, 
one from an “ empty ” millc bottle, and one from the milk of a cow 
■ndth acute mastitis. In this paper the morpliology, cultimal character- 
istics and biochemical reactions of these strains are brieflj' described 
and compared with the reactions of fifteen strains of C. dijjJitJieria; 
(5 gravis, 5 intermedkts and 5 mitis), four strains of C. ovis, five other 
named tyfies of Cor;)Tiebacterium from the National Clolloction of 
Type Cultures, and five corjuiebacteria of diverse biochemical activities 
that were isolated here, four from routine nose and throat swabs 
and one from the skin. Animal experiments were performed with 
all the starch-fermenting gelatin-liquefying strains, with three strains 
of C. diphtJierice and five of the other cor 3 ’nebacteria. 

Morphology 

Stained ^vith methylene blue after 24 hours on blood agar at 
37° C., these organisms apiieared as irrcgularfy arranged, irregularfy 
staining pleomorphic rods with rounded ends and slightfy convex 
sides. Club, coccoid and long filamentous forms wore more common 
after 48 hours’ incubation. There were few' metachromatic granules. 
The organisms were Gram-j-, non-mptile and non-acid fast ; tliey 
did not form spores and -were non-capsulated. 

GtiUural characteristics 

The cultural characteristics of the starch-fermenting gelatin- 
liquefying strains are summarised in table I and compared with those 
of C. diphtherim var. gravis and C. ovis. 

Biochemical reactions 

The following investigations were carried out on all the strains 
examined in the manner described in the appendix. 

(1) Fermentation reactions in glucose, maltose, sucrose, starch, 

dextrin, glycerol, mannitol, galactose and trehalose. (2) Indole 
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production. (3) Mcthyl-red test. (4) Voges-Proskauor reaction. 
(5) Nitrate reduction. (G) Gelatin liquefaction at 37“ C. and on a 
slope, and in a stab at room temperature. (7) Action on litmus milk. 
The results are suimnarised in table II. 


Animal experiments 

These -were performed in guinea-pigs only. Intradcrmal tests 
were carried out with all the starch-fermenting, gelatin-liquefjdng 
strains, one strain of C. diphtheria: var. gravis, one of O. diphtheria: 
var. intermedius, a laio^vn amrulent strain of G. diphtheria: var. mitis 
and five strains of other cor 3 Tiebacteria. 

The five other strains of Corjmebactorium chosen for intradermal 
injection were one each of C. avis, 0. murium and C. pyogenes, all 
from the National Collection of Tj^pe Cultures, and two biochemically 
active strains (J/A 8285 and J/G 1314) isolated hero. 

One strain of starch-fermenting gelatin-liqucfvTng Cor^mobactorium 
was also investigated by subcutaneous injection into guinea-pigs. 

Intradermal tests. (ROmer, 1909; Zingher and Soletsky, 1915), 
The growth firom an 18-hour Loefiler slope was suspended in 
approximate!}' 2 ml. of Hartley’s broth by adding the broth to the 
tube containing the slope and scraping the growth into the broth 
with a loop, broth being used as a suspending fluid in Anew of the 
recommendations of Fraser and MacNabb (1937) and Holt and 
Wright (1940). Of this suspension 0*2 ml. was injected intradennally 
into the 'shaved abdomen of each of two guinea-pigs weighing 200- 
300 g. each. Immediately after the injection one guinea-pig received 
10 units of diphtheria antitoxin subcutaneously (Mair, 1930) ; the 
other received 1000 units. 

Suspensions of C. diphtheria: var. gravis, of G. diphtheria: var. 
intermedhis and of a known avirulent strain of G. diphtheria: var. mitis 
were also injected intradennally into each guinea-pig. Suspensions 
of other corjmebacteria were also occasionally injected ; seven or 
eight injections were made into each guinea-pig. The animals were 
inspected on the tluree days after the injections and at intervals 
during the next ten days. The results of the intradeimal tests are 
summarised in table III. 

Subcutaneous tests. 0-6 ml. of a broth suspension of the growth 
from an 18-hour Loeffler slope culture of the organism to be tested 
was injected subcutaneously into the right thigh of a guinea-pig 
weig hin g 200-300 g. The antitoxin was injected into the left tliigh, 
also subcutaneously (Mair, 1930). 

One strain of starch-fermenting gelatin-liquefying Corynebacterium 
was injected into four guinea-pigs. One had received no antitoxin, 
the other three had received 500, 1000 and 10,000 units respectively 
of diphtheria antitoxin 24 hours before the organisms were injected. 
The improtected guinea-pig died within 24 hours and at post-mortem 



ll— Biochemical reactions of slareh-fcrmcnlinei, gclalin-liqiicfi/ing 
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' noid nnd olot. ivo = Blight acidity and Blight clotting. A = acid, _ a = fliiglit acidity. Ac = acid and slight clotting. 

-|- = reaction iioflitivo. — = reaction nogativo or no fonnontation noted. i = reaction weakly poaitivo. 

PigaroH in parcnlhosia denote nuinbor of days rotpnred for reaction. Other lignroa denote nnnibor of atraina giving that roaotion. 


Results ill gulnen-iilcs Mlilch received 10 units of dlplitherla antitoxin j Results In KnInca-iilKsnliichrcceI\ed 1000 units of dlplithcrln antitoxin 
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u. = ulcer. h.M. ~ liottliiig ulcor. h. = honlotl. 

— = no lesion seen. = lesion less thnn 5 inin. Uinmetor. 4- = lesion 5-10 mm. dinmotor. 

-f-)- = lesion 10-15 mm. dinmotor. + + + = lesion moro thnn 15 mm. dinmotor. 
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there -was some free fluid in the peritoneal and pericardial cavities. 
The suprarenals were engorged and hfemorrhagic. 

Of the guinea-pigs which received antitoxin two survived for the 
month they were kept under observation. The third, which had 
received 10,000 units, developed a large ulcer at the site of inoculation 
and subsequently died of a presumably intercurrent infection. No 
change was seen in the suprarenals post mortem. No blood culture 
was made from this guinea-pig. 

Controls were injected with 0-5 ml. of a suspension of G. diphtherice 
var. gravis. The unprotected guinea-pig died within 24 hours with 
the signs typical of diphtheria. The protected guinea-pig received 
500 units of antitoxin 24 hours before 0-5 ml. of gravis suspension, 
and it remained alive and apparently well. 


Discussion 

It is apparent from the foregoing description of these starch- 
fermenting gelatin-liquefying strains, that the organisms with which 
they are most likely to be confused are C. diphtherice var. gravis and 
0. ovis. Morphology and cultural characteristics are of little help in 
distinguishing these organisms from each other, though on blood-agar 
plates the colonies of the starch-fermenting gelatin-hquefying strains 
and of G. ovis are yellower and more opaque than those of C. diphtherice. 
The colonies on blood-tellurite-agar are also rather more uniform in 
colour than those of C. diphtherice. 

The distinction of these strains from C. diphtherice, C. ovis and the 
other corynebacteria examined thus depends mainly on biochemical 
reactions and the results of animal experiments. The biochemical 
tests which help to distinguish the starch-fermenting gelatin-liquefying 
strains from C. diphtherice var. gravis and C. ovis are summarised in 
table IV. 

Tablf. rv 


Biochemical reactions which help to distinguish the starch-fermenting, 
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0 

1 



period ^ B-mcn produced acid and clot m a sugar in the stated 
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Tlie cliief points -wliich distinguish the starch-fermenting gelatm- 
liquefying strains are : (1) their late fermentation of trehalose ; 

(2) their failure to rcduee nitrates to nitrites — this test is not 
by itself of any great differential signifieance since many other 
corynehaeteria fail In reduce nitrates (see table 11 and also Brooks 
and Hueker 1944) ; and (3) their liquefaction of a gelatin slope at 
room temperature. 


Animal experiments 

Intra dermal injection of guinea-pigs shows that whereas the local 
reactions caused bj’- virulent strains of C. diphtherm can be com- 
pletely neutralised by the injection of 1000 units of diphtheria anti- 
toxin, those produced bj’’ the starch-fermenting gelatin-liquefjnng 
strains cannot be neutralised by such a dose. Since this amount of 
antitoxin had little effect on the size or nature of the lesion, it seems 
that some at least of the loeal reaction caused by these organisms 
ma}’- be attributed to the orfs-like fraction of the toxin which thej' 
elalDorate (Petrie and McClean, 1934). 

When a suspension of a starch-fermenting golatin-hquefying 
Cor 3 'nebacterium is injected subcutaneouslj^ however, diphtheria 
antitoxin maj'’ protect a control guinea-pig from death, as was found 
with flair’s strain (Mair, 1928) and with the strain which I injected 
subcutaneousl 3 ^ With other strains, however, 10,000 units of 
diphtheria antitoxin -will not protect from death (Wright, 1942 ; 
Robinson, 1944, personal communication). 

If virulence tests are performed by the intradermal and sub- 
cutaneous routes it ma}’’ thus liappen that the subcutaneous test 
gives a result similar to that given by a virulent strain of C. diphtheria;, 
while the intradermal test shows that atypical lesions are produced 
in both test and control guinea-pigs. 

So few starch-fermenting gelatin-liquefying strains have thus far 
been reported that their significance is still doubtful. Some of these 
organisms elaborate a toxin wliich is neutralisable, in part at least, 
by diphtheria antitoxin, and it would seem vise, therefore, to regard 
the infections they cause vith considerable suspicion. Some of the 
strains have been isolated from cases regarded as clinical diphtheria, 
and some of the patients have been seriously ill. 

Whatever the significance of such an organism may be in an 
individual case, the only record of outbreaks due to gelatin-liquefjing 
strains is that of Gilbert and Stewart (1928-29), ivho record three 
outbreaks of clinical diphtheria associated with C. ulcerans. The 
outbreaks were spread over a period of four years, and the 
presence of 0. diphtheria; could not be definitely excluded from any 
of them. 
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STjMMARY 

Twenty-six strains of starch-fermenting gelatin-liquefying coryne- 
bacteria, twenty-four of them from the human nose or throat, have 
been examined. 

These organisms are in many ways similar to both G, diphtlierifB 
and C. ovis. They can be distinguished from these organisms and 
the other strains of coiynebacteria examined by : (1) their late 
fermentation of trehalose in conjunction with their earlier fermentation 
of glucose, maltose, starch, dextrin and galactose ; (2) their lique- 
faction of a gelatin slope at room temperature ; (3) their failure to 
reduce nitrates to nitrites ; and (4) their behaviour on intradermal 
injection into guinea-pigs. 

In guinea-pigs all the strains examined produced oedema and 
ulceration, and usually pus, whether the animal received 10 or 
1000 units of diphtheria antitoxin. On subcutaneous injection 
of these strains diphtheria antitoxin may or may not protect a 
guinea-pig from death. 

So few strains have been reported that no certain conclusion 
about their epidemiological importance may yet be drawn. 

I am indebted to Dr H. E. Jones of Hereford, Dr B. Moore of Exeter and 
Dr A. J. H. Tomlinson of the Central Public Health Laboratory, Colindale, 
who kindly sent me strains for investigation. 
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Appendix 

t 

The fermentation reactions woro studied in Hiss’s scrum ivater containing 
1 per cent, of the carbohydrate to bo tested and Andrade’s indicator. 

Tlio base for the sugars is prepared in bulk in the following manner : — 

Peptone . . . I-Og. 

Na.HPO^ . . ] -4 g. 

Distilled water . . 1400 ml. 

Steam for 15 minutes and filter through paper. Adjust pH to 7'4 and add 
250 ml. horse serum. Steam for 20 minutes, and add 11 ml. Andrade’s indicator. 
The pH should now bo /-G-T-S. Autoclavo at 10 lb, for 10 min. 

To make up individual sugars the base is put into G'xV test-tubes in 3 ml. 
quantities, the sugar is made up ns a 10 per cent, solution and 0-3 ml. added 
to each 3-ml. tube of serum water. The sugars are then sterilised by steaming 
for twenty minutes on each of three successive days. 

In this investigation the tubes were inspected and the results recorded each 
day for three weeks, and then discarded. 

The presence of indole was tested for in five-day cultures in 1 per cent, 
peptone water, using Bolune’s solution A after o.xtraction with ether. 

The methyl-red test was performed on five-day cultxu-cs in glucose-phosphate 
medium b5’’ adding five drops of a 0-04 per cent, solution of methyl rod. 

The Voges-Proskauer test was performed on five-day cultures in glucose 
phosphate medium by 0’l\leara’s (1931) modification of the Voges-Prosluiuer 
test. 

The tost for nitrate reduction was performed by the Griess-Ilosva method 
(Wilson and Jliles, 1940) on a culture grovTU for five days at 37“ C. in broth 
containing 0-1 per cent, potassium nitrate. 

Gelatin liquefaction was tested on 15 per cent, gelatin dissolved in nutrient 
broth. Slopes and stabs kept at room temperature were not discarded ns 
negative imtil after four weeks. Tlioso incubated at 37“ C. wore read after one 
week. 

The litmus milk was observed over a period of three weelis and any changes 
were recorded on the day on which they were noticed. 

All these media were inoculated with n loopfid of an 18-hour culture on a 
Loeffler’s serum slope. 
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EIBRINOLYSm AMD THE ELUIDITY OF TKE 
BLOOD POST MORTEM 

R. H. Mole 

From the Badclige Infirmary, Oxford, and Boyal Infirmary, Liverpool 

Moegagot (1769) seems to have been the first to record an autopsy 
where the blood was entirely fluid. He described the case of a man 
he saw in 1725 who died shortly after being stabbed through the 
heart, and suggested that the fluidity of the blood was due to its 
dilution by the quantity of drink he had taken just before he was 
stabbed. Later, Hunter (1794) wrote ; “ In many modes of destroying 
life the blood is deprived of its power of coagulation, as happens in 
sudden death produced by many kinds of fits, by anger, electricity 
or lightning ; or by a blow on the stomach etc. In these cases we 
find the blood, after death, not only in as fluid a state as in the living 
vessels, hut it does not even coagulate when taken out of them 
Subsequent investigations usually centred on the forensic aspects of 
the problem, and conclusions as to the nature of the phenomenon, 
and even as to its existence, were contradictory until ^Morawitz (1906) 
showed that the fluid blood was free from fibrinogen and sometimes 
contained a fihrinolysin. Fidon, Gautier and Martin (1908) and Oki 
(1934) confirmed the occurrence of fibrinolysis in experimentally 
asphyxiated dogs. Recently the phenomenon was turned to practical 
use in the preparation of cadaver blood for transfusion (Yudin, 1936). 

Lenggenhager (1938) seems to have been the first to ask the more 
general question why the blood in a cadaver is never found completely 
coagulated. HormaHy, blood is spontaneously coagulable and after 
death the vessels should be filled either with a cast of coagulum or 
with fluid yet spontaneously coagulable blood. However Virchow 
(1871) noted that the capillary blood of the cadaver is always fluid 
and incoagulable, and the blood in the veins of the limbs, although 
more often fluid than not at the ordinary autopsy, is only exceptionally 
stiU coagulable. 

A reinvestigation was therefore made of the conditions which 
determine the fluidity of the blood at autopsy, and of the properties 
of the fibrinolysin to be foimd there. 

Methods 

Routme autopsies -svere \ised for observations as opportunity offered. 2Co 
consecutive series ivas attempted and examples of dramatic and sudden death 
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woro invGstigntod ■when possible. Blood iras oblniticd either by sjTingo nnd 
needle or by catching it in n container ns it flowed out of an incision made 
in the vessel. TJie red eell.s woro centrifuged down nnd tho supernatant “ serum ” 
used for observations on fibrinolysin. 

Detection of ftbrinohjsin 

Tho method of Macfarlano (1037) was used with some modification. Citrated 
“ blood-bank ” jslasma (O-O c.c.) was used as a source of fibrinogen nnd diluted 
with normal saline, borate bufrcrpIT 7-C or phosphate bufler pH 7-4 inastoppered 
tube. Tlio standard volume (0'25 c.c.) of “ s6rimi ” to bo tested was then added 
nnd lastly 0-5 c.c. of 0-1 M calcium chloride or of a thrombin solution. Tho 
final volume was adjusted to 10 c.c. by vnrj-ing tho original volume of diluent. 
After being inverted to mix, tho tube was placed in tho 37° C. air incubator and 
observed at intervals. A white fibrin clot formed in a few minutes nnd later 
disappeared, leaving a solution identical in npjjcarnnco with that seen before 
tho clot had bcgim to form. Tito activity of tho Ij'sin was measured by tho 
interval between mixing tho reagents nnd tho di.sappearanco of tho clot. 
Jlechnnicnl distiu-banco of tho clot was avoided, ns tho partially Ij'sed clot 
could easily bo converted into shreds of fibrous material bj’ incautious shaking, 
thus altering tho end-point. 

Tho dilution of plasma was about 1 in 30, tho fibrinogen concentration about 
10 mg, per 100 c.c. nnd tho dilution of serum under tost 1 in 40. 

In tho experiments on tho chemical properties of tho Ij-sin all reagent.s 
were brought to 37° C. before mixing, Tho pll was determined by tho Morton 
glass olootrodo with a potentiometer. Fibrinogen was estimated by nopholomotrj' 
after conversion to fibrin. 

Results 

At autopsy the blood in tho heart and great vessels may be Inrgelj’’ 
clotted or completely fluid, or maj' show intermediate degrees of 
coagulation. In table I are collected 61 cases where the blood in 
the great vessels was either solidly clotted or completely or almost 
completely fluid. The cases are grouped according to tho cause of 
death. It will be seen that in cases of death from infection and 
cachexia the blood was clotted, wliereas in cases of “ sudden ” death 
the blood was fluid. The more “ sudden ” the death, with exceptions 
to be discussed later, the more lilcely was the blood to be found 
completely fluid. 

In none of the cases in table I did samples of blood coagulate 
spontaneously in vitro. Thromboplastin (Russell \dper venom alone 
or with added lecithin) and tlirombin (Maw, or clotting globulin 
Lederle) in var3dng amounts failed to clot the samples, and ever}’’ 
attempt to salt out fibrinogen was unsuccessful. Heating the super- 
natant “ serum ” to 55 ° C. produced a precipitate only occasionall3^ 
and this never had the flocculent character of heat-denatured fibrinogen 
in normal plasma. It was concluded that the blood at autops3’- lacked 
fibrinogen and was thus not spontaneously coagxilable. 

When the vessel from which the blood was obtained contained a 
visible solid clot there was a satisfactory explanation of the loss of 
fibrinogen. When, however, there was no clot in the vessel the absence 
of fibrinogen had still to be explained. 
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Tabus I 

Cause of death and Jluiditif of the Mood in 61 posl-tnorterns 


Blood qoltc Qnid 


Small clots In heart with Ahnnaanl clot In heart and 
Onid blood In llmhs abo In Umb vessels 


Cranial lesions 



Circulatory lesions 


Htcmoirhage 


Pnlmonarr embolism . 
Ujpcar^l tofatcUon . 
" Heart failnre " 


2 (1 duodenal nicer with 
eroded artery) 

(1 gunshot wound of 
femoral artery) 

1 (with inhaled vomit) 

2 (rupture of ventricle) 

1 (chronic bronchitis with 
old myocardial in- 
farction) 


1 (Hartevy’s syndrome) 
1 (Klippcl-Fcil syn- 
drome) 


1 (with pnetnnonia) 

1 (old rheumatic heart with 
thrombosis in pulmonary 
artery) 


VThile ansesthetlsed . 

Browning . 

Bronebial obstruction 


Tetanus . 


Anoede deaths 


1 (operation for prolapse) 1 (operation on crushed 
finger) 


3 (2 inhaled vomit) 

2 (l by pns from bronchl- 
ectatic cavities during 
needling of cerebral 
abscess) 

(1 by blood from tra- 
cbeotomy above site 
of tracbeal obstruc- 
tion) 


1 (haemoptysis in pul- 
monary tuberculosis) 


Poisoning 



4 (1 cyanide) 

(1 carbon monoxide) 

(1 insulin coma in 
schizophrerda) 

(1 lysol) 


Infection-and cachesda 




1 (carbon monoxide) 


Tlallgnant disease 


2 (mnltiple lung abscess) 

(bronchiectasis) 

(empyema and otitis 
media) 

5 (pneumonia) 

(2 nrffimia) 

il strangulated hernia) 

(1 bilateral senile gan- 
grene) 

(1 cellnlitis following 
lithotomy) 

3 (carcinomatosis) 
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No evidence vas found of an agent that destroyed fibrinogen, but 
a tysin for fibrin was often demonstrated. Indeed it was found in 
every case in table I where the blood was completely fluid. 

In intermediate cases, not recorded in table I, whore the blood 
was partly fluid and partly clotted, it was noticed that the fluid blood 
was found in the vessels of the limbs, the clotted blood in the heart. 
Results of fibrinolj'sin tests in these cases arc given in table II and 

Tabm'. II 


Fluidity of the blood and Jibrinolysin level in autopsies 
u’herc both heart and limb blood were examined 


Dccrcff of 
(Ibrinolivls 

Blood firmly nnd nbundnntly dotted 

Blood completely fluid 

OrlBln of blood tamplo 

Orlpin of Mood sample 

Heart 

Ann 

I.CK 

Heart 

•Vnn 

Lcff 


10 

1 

o 

ej 

1 

o 


o 

1 

0 

1 

0 

0 

+ + 

I 

1 

1 

0 

O 

5 

+ -f + 

0 

0 

0 

3 

13 

13 


— = no lysis. 

+ = lysis ovomight. 

+ + = 2-C liours. 

+ + + = lysis 0-2 hours. 

show that in vessels where the blood was complotclj^ fluid an active 
Ij'-sin was usually present, whereas in vessels wliere the blood was 
clotted, lytic acti\nty was usually absent and never marked. Further, 
the results show that Ij'sin in limb blood was more active than in 
heart blood, even when the blood in each was completely fluid. 


In-vitro behaviour of the fibriiiohjsin 

Fibrinolysin added to blood or plasma after a clot had formed 
was not effective. Lytic activity was shoum only if the lysin was 
present while the clot was being formed. The lysin is adsorbed on 
the clot and later released into solution when the fibrin is lysed. Thus 
a given concentration of fibrinolysin is more hlcelj’- to liquefy a clot 
the slower the process of coagulation and the smaller the amount of 
fibrin formed at any one time. Fibrinotysm did not appear to affect 
fibrinogen or the process of coagulation. It was possible, however, 
for fibrinolysis to be so active that fibrin was destroyed as rapidly 
as it was formed, so that no clot was ever visible. 

These observations were all made using the standard test sjrstem 
in which the inhibitory effect of serum was minimised by dilution 
(Macfarlane), There is a considerable reduction in lysin concentration 
and an increase in the rate of coagulation in the test system compared 
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"nitli intravascular "wIioIg laiood. Botli tViesB factors tend, to compensate 
for the lack in the in-vitro system of the inhibitory action of neat 
serum, and to make this test not as dissimilar as might have been 
expected from the behaviour of Tvhole blood within the vessels. 

A direct comparison of the in-vitro and intravascular behaviour 
of vrhole blood may be made by examining samples of whole blood 
obtained by cardiac puncture after death. Lysis of clots formed 
from such specimens often failed to occur, even though a later autopsy 
demonstrated the complete fluidity of the heart blood, and senun 
obtained then was strongly active in the fibrinolytic test system, 
using diluted plasma. This was presumably because the rate of 
coagrilation was more rapid in vitro, making fibrinolysis less effective, 
as already explained. Complete lysis of whole-blood clots obtained 
by cardiac prmeture was seen, but only when natural in-mortuo 
lysis was exteemely rapid and active as judged by the short interval 
between death and complete loss of fibrinogen (table m). 


Tabue m 

Fluidity of blood obtained by cardiac puncture in cases of 
sudden death 



Interval tni 
death 
(hours) 

Time alter death when sample of heart 
blood was obtained (honis) 


Blood clotted tn 

TltTO 

Blood remained 
fluid in vitro 

Traumatic rupture of liver . 

4 

4 - 

H 

Gunshot wound of head (accident) 

1 

... 

24 

Hyperpyrejda (heat stroke) . 

3 


2j 

Poliomyelitis (in iron lung) . 

7 


4 

Drowned ..... 

7 

... 

5 

Fractured spine (C. 5) 

48 

3 

6 

Tetanus ..... 

7 

7 

(very feeble clot) 

10 


• These clots lysed spontaneously in one hour at 37® C. 


The source of the fibrindlysin 

After clamping the veins, samples of blood were obtained from 
different regions of the body in order to see if there was any regional 
difference in lytic activity. There was a centripetal decrease in 
activity, confirming the findings in table II, where limb blood was 
more active than heart hlood. Portal-vein blood was more like heart 
blood than limb blood in its earlier in-mortuo coagulation, in the 
more frequent presence of large clots, and in the less frequently 
occurring and less powerful lysin. No systematic difference was 
io\md between the left and right sides of the heart. 

Thus there was no evidence that the fibiinolysin was liberated 
rom any particular organ. The approximate inverse relationship 
e ween the activity of the lysin and the diameter of the vessel from 
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■vvliich the sample of blood -vvas obtained suggested that the 13 ’sin 
might be the product of the vascular endothelium. The other possible 
source seemed to bo the leucocj'tcs of the blood. 

A length of femoral vein was ligated hi situ shortlj' after death 
and. left till next daj'. The hd:ic activitj' of the “ serum ” was compared 
with that of the “ serum ” obtained at the time of ligation from the 
corresponding part of the other femoral vein and preserved in the 
refrigerator. The activity in each sample was identical, showing 
that oven if the endothelium was the source of the tysin it jielded 
no fiu-ther tysin once death had occurred and the blood had become 
fluid and incoagulable. 

Fibrinolj’tic activity was also found in the pericardial fluid of a 
case where the blood was complctelj' fluid and activety Ijiiic. The 
fluid in the pericardium was as active as the “ serum ” from tlie 
heart, and presumably its activity must have been derived from the 
pericardial endothelium. The absence of fibrin and the very low 
fibrinogen levels found in hreraothorax fluid bj' Sellors (1945) support 
the view that endothelium is a source of fibrinotysin. 

Nevertheless autopsies occurred where clotted blood was found 
in the bodj* cavities and fluid blood in the blood vessels and heart, 
c.g. a case of traumatic rupture of the liver with a large unretracted 
blood clot occupying the site of the rupture and a case of ruptured 
myocardial infarction with pericardial clot. In cases such as these 
the stimulus to fibrinotysin production is not likely to have preceded 
the leaking of blood into the endothelial-lined cavities. The blood 
in the pericardial or peritoneal cavity vill have clotted rapidly because 
of the thromboplastin added to it from the tom tissue surfhees past 
which it has flowed. Rapid coagulation will protect the clot from 
any fibrinolysin subsequently entering the blood stream or being 
given off by the endothelial lining of the cavity, since to be effective 
the tysin must be present wlxile the clot is being formed. 

The conditions under tdhicli fluid but spontaneously 
coagulable blood is found at autopsy - 

In some cases in which the autopsy happened to be carried out 
at the appropriate time, the blood in the heart was found to be firmly 
clotted, whereas that in the veins of the arms and legs was fluid but 
coagulable. The slower onset of spontaneous clotting in the great 
veins of the limbs as compared with the heart showed that there was 
a regional difference in the rate of spontaneous intravascular coagula- 
tion as well as in fibrinolytic activity, but in the opposite sense. These 
two factors, reinforcing each other, accounted for the greater frequency 
of fluid and incoagulable blood in limb vessels as compared with the 
heart. 

Fluid and coagulable blood was always foimd whatever the cause 
of death when the autopsy was carried out within an hour or so of 
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death. In order to discover lioiv quickly the blood could become 
incoagulable and thus how quickly fibrinolj'sin could act within the 
vessels, serial cardiac punctures were carried out on a few selected 
cadavers in which the blood would be expected to be fluid and 
incoagulable at a later autopsy. The results (table III) show that in 
cases of “ sudden ” death the blood was spontaneously coagulable 
only during a brief period after death and then became completely 
free from fibrinogen. To confirm that the heart contained no clot 
and that the sample of blood removed by cardiac puncture was not 
merely the defibrinated blood expressed from a clot in the heart 
cavities, the autopsy was carried out in each case as soon as it was 
clear that the heart blood was no longer coagulable. 

On three occasions spontaneously coagulable fluid blood was found 
more than twenty-four hours after death. In these cases death had 
been due to a long continued cachectic process, e.g. pylephlebitis. 
The mode of death therefore afieeted the coagulability of the blood 
after death, as well as the activity of fibrinolysin. 


Exceptions to the appearance of fibrinolysin after sudden death 

In cases of “ sudden ” death in previously healthy persons the 
blood was usually fluid and showed fibrinolytic activity. Cases' of 
death with multiple traumatic injuries, however, did not show fluid 
blood or fibrinolysis to the degree which might have been expected. 
In some, early pneumonia may have been the significant fector, in 
the same way that infection appeared to prevent the occurrence of 
fluid blood in death from cranial lesions (table I). In four cases 
there seemed to be an association of fat embolism with partial failure 
of fibrinolysin production, e.g. the heart was full of clot and the 
expressed serum devoid of activity, while the arm and leg veins 
contained fltdd blood, the serum from which was actively lytic. 
Marrow fat is markedly thromboplastic and rapid and complete 
coagulation may have prevented the dissolution of the clot by fibrino- 
lysin ipidk supra). That this may not be the whole explanation, 
however, is suggested by the spontaneous coagulability of the blood 
in one of the cases as long as twenty-four hours after death, which 
seems to bring fat embolism into the same group as infection and 
cachexia. 

Age had some influence. Infants did not show fluid blood as 
frequently as adults, confirming the observations of Roll (1918) on 
death from drowning. 

A few more notable exceptions occurred, of which the most striking 
were a case of accidental carbon monoxide poisoning and a case of 
suicidal gunshot wound of the head. Each had been drinking heavily 
aU evening^ before his death, and in each the blood was coagulated 
and no fibrinolytic activity was detected. 
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The 'properties of cadaver fibrinohjsin 

The lysin was non-dialj'sable. Fat solvents destroyed some of 
the activity Avithout extracting any lysin. Chloroform AA'as 

not used. At neutral jjH leA'els the Ij^sin AA-as precipitated 50 per 
cent, saturation Avith ammonium sulphate. It AA’as not precipitated 
Avith the euglobulin fraction of serum. Fibrinol3i:ic actmty Avas 
completely destro3'ed bj' pepsin at pH levels Avhere, AA'ithout pepsin, 
the Ij’sin Avas stable. The fibrinol^’sin thus appeared to be a globulin. 



Fio. — Effect of tempornturo ond pH on fibrinolytic activity. 


Post-mortem sera retained their fibrmol5i;ic activity in the 
refrigerator for days and sometimes Aveeks. At room temperature 
half the actmty Avas sometimes lost overnight. At higher temperatures 
stability of the fibrinolysin Avas shoAvn to depend on pH. At pH 3-4 
little actmty was lost in one minute at 90° C., while at pH 7-4 there 
was partial loss of actmty at 60° C. for ten minutes and complete 
inactivation at 70° C. 
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The optimum -pE. was on the alkaline side of neutrality, as was also 
found by Oki, but inactivation also occurred witk increasing rapidity 
the more alkaline the pH. As shown in the figure on p. 420, 
the optimum pH at 21° C. was the same whether concentration of 
lysin was high or low. At 37° C. the less active the lysin the more 
acid the optimum pH, since lysin was inactivated at more alkaline 
pH levels during the longer incubation period necessitated by the 
weaker lysin. 

No other substrates than fibrin and fibrinogen were examined. 
A concentration of lysin which was able to lyse a fibrin clot completely 
in twenty minutes did not appear to affect fibrinogen in oxalated or 
citrated plasma, even after two hours at 37° C. 

There was an approximately linear relation between the logarithm 
of the concentration of the lysin and the logarithm of the time for 
complete lysis. 

If a solution which had become water-clear after fibrinolysis was 
kept overnight a white precipitate usually formed. 


Inhibitors 

Normal serum was increasingly inhibitory in concentrations of 
10 per cent, and higher. The standard test system was chosen so 
that plasma and serum to be tested for activity were each diluted at 
least twenty times. The inactivity of normal senun is therefore not 
due to the presence of an excess of serum inhibitor but to the absence 
of an active lytic factor. This was confirmed in experiments where 
the proteins of seram were denatured by heat in acid solution. No 
lytic activity was uncovered in normal sera or in inactive cadaver 
sera. 

Heparin in concentrations which doubled the clotting time had 
no effect on the time from coagulation to complete lysis, whether or 
not serum was also added. 

Phenyl mercuric nitrate was ineffective even in a concentration 
of 1 ; 10,000 in the standard test system. 


Discussion 

Lenggenhager thought that the blood was fluid only when the 
heart beat outlasted respiratory activity so that “ internal asphyxia ” 
and hence acidosis was produced. This was part of his theory that 
acidosis was the essential feature which made the blood fluid, a theory 
which supposed that after death from shock due to immersion in 
water the blood is not fluid, while in death from true drowning it is, 
and that in death from ventricular fibrillation the blood is not fluid, 
protracted death, e.g. from coronary occlusion* 
the blood was fluid because respiration stopped before the heart, 
it was a theory difficult also to reconcile with the firm abundant 
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clot to bo found fosl mortem in such instances of severe acidosis as 
pneumonia. 

The observations hero recorded confirm the earlier findings (Falk, 
1874 ; Morawitz, 190G), and show that samples of completely fluid 
and incoagulable blood are always free from fibrinogen and in at 
least 90 per cent, of cases contain a fibrinol 3 'sin. Fibrinogenolysis, 
for which evidence was obtained by IMorawitz, was not found. The 
inverse relationship between the activity of the Ij'sin and the presence 
of clots (table II) provides additional support for the \'iew that a 
fibrinolysin is the factor which makes post-mortem blood incoagulable. 

No direct observations are avaUable to show that the blood must 
clot in morluo before it can become fluid and incoagulable, because 
opening a blood vessel to direct inspection completely alters the 
natural course of events. The blood raa}' become incoagulable in 
H hours (table HI). Nevertheless intravascular coagulation is lilrely 
to take place more slowly than in a glass vessel, and as shown earlier 
the slower the coagulation process the greater the apparent activity 
of fibrinolysin. Thus fibrinolysin intravascularly may dcstro^’^ fibrin 
as rapidly as it is formed, even though, in vitro, the same blood would 
form a solid clot which did not l^'so even at 37° C. Since there is 
appreciable solubility of fibrin in aqueous solution (Jaques, 1938) 
no tangible clot may over form, even though all the fibrinogen is 
converted into fibrin. If the fibrin is never precipitated in the form 
of fibrils the platelets will not be removed in the meshes of a clot. 
Thus the finding of platelets in cadaver blood (Lcnggenhager) is not 
proof that the blood has never clotted. 

In any attempt to account for the state of the blood at autopsy, 
the relation between rate of intravascular coagulation after death 
and fibrinolysin concentration seems decisive. The less active the 
fibrinolysin and the faster the rate of coagulation, the more likely 
is the blood to be found clotted, as already explained. Conversely, 
since limb blood clots more slowly and contains more fibrinolysiii than 
heart blood, there is a greater frequency of incoagulable blood in 
limb veins than in the heart, and, by extrapolation, capillarj'^ blood 
would be expected to be fiuid even more often, as was in fact found by 
Virchow. If endothelium is the source of fibrinolysin, there is a simple 
anatomical explanation for the increase in fibrinolytic activity with 
decrease in the size of that vessel. The factors controlling the rate of 
intravascular coagulation have not been investigated. 

Besides these differences in site, differences in the mode of death 
also affect the relative activity of these two factors. In cases of 
sudden death the blood remains spontaneously coagulable for a short 
period only, which must mean that the rate of intravascular coagulation 
is rapid. Visible clot, however, is not found in the vessels, because 
fibrinolytic activity appears to be sufficiently powerful to lyse the 
fibrin as it is formed. In death from cachexia the rate of intravascular 
coagulation is greatly reduced, so that the blood remains spontaneously 



FLUIDITY OF BLOOD POST MORTEM 


423 


coagulable for a mucli longer period. Fibrinolytic “ activity ” is 
relatively still further reduced, however, so that after the period of 
spontaneous coagulability the blood is found coagulated inside the 
vessels and does not liquefy on further standing. 


The stimuhis to the prodvclion of fibrinolysin 

The factor necessary for the occurrence of fluid and incoagulable 
blood has been supposed to be “ suddenness ” of death (Vogel, 1926), 
but the data in table I suggest that this is true only if a special meaning 
is given to the word “ sudden At one extreme it must cover cases 
where death was almost instantaneous, as in rupture of the heart and 
cyanide poisoning ; at the other, cases where the d3dng process lasted 
for many hours (insulin coma, cerebral hsemorrhage) or even days, as 
in a case of duodenal ulcer with eroded artery which was repeatedly 
transfused during three days of haemorrhage. On the other hand, 
when fibrinolysin did not appear and the blood was coagulated, 
dying was usually a slow process, but not always, fat embohsm being 
a notable exception. The rate of dying therefore may be less important 
than some other factor; 

Fibrinolysin appeared in the blood after death in persons who 
were healthy before the “ accident ” that caused their death. The 
observations of Macfarlane and his colleagues (Macfarlane, 1937 ; 
Macfarlane and Biggs, 1946 ; Macfarlane and Pilling, 1946 ; Biggs, 
Macfarlane and P illin g, 1947) showed that certain stimuli cause the 
appearance of fibrinolysin in the bloodstream of living healthy 
individuals, though in much smaller concentrations than in the dead. 
Death itself therefore is not likely to be the stimulus to fibrinolysin 
production, but rather whatever it was that led to death. At the 
same time, the stimuli to the production of fibrinolysin were very 
diverse (table I), and the common factor can only be the dying process. 
Many if not all of the dead who showed fibrinolytic activity could 
have been described as suffering fi:om “ shock ” or “ collapse ” while 
still alive, and the appearance of fibrinolysin in the blood may be 
a common featme of the shocked state, a state which has so far defied 
analysis except in so far as haemorrhage, loss of tissue fluid, pain 
and peripheral circulatory failure have been abstracted from it. 
Macfarlane and Biggs suggested that fibrinolysin production might be 
part of the first phase of Selye’s alarm reaction, and indeed some 
such non-specific “ general ” reaction to injury, in the widest sense, 
seems to be the stimulus for fibrinolysin production. 

The failure of fibrinolysin to appear in deaths from infection and 
cachexia, as also noted by Skrmdina and Rusakov (quoted by Yudin), 
would thus appear to be due to the failure of one of the body’s reactions 
to injury. Where fibrinolysin did appear after death from infection, 
as m tetanus and cerebral abscess (table I), death was due to the 
ocal and mechanical effects of the infection, not to any generalised 
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clot to be found 'posl morltin in such instances of severe acidosis as 
pneumonia. 

The observations hero recorded confirm the earlier findings (Falk, 
1874 ; Morawitz, 190G), and show that samples of completely fluid 
and incoagulable blood are always free from fibrinogen and in at 
least 90 per cent, of cases contain a fibrinolysin. Fibrinogenolysis, 
for which evidence was obtained bj’^ Mora^ritz, was not found. The 
inverse relationship between the activity of the Ij’sin and the presence 
of clots (table 11) pro^^des additional support for the \'iew that a 
fibrinolj^sin is the factor which makes post-mortem blood incoagulable. 

No direct observations are available to show that the blood must 
clot tn morliio before it can become fluid and incoagulable, because 
opening a blood vessel to direct inspection completely alters the 
natural course of events. The blood ma}’^ become incoagulable in 
ii hours (table III). Nevertheless intravascular coagulation is likely 
to take place more slowly than in a glass vessel, and as shown earlier 
the slower the coagulation process the greater the apparent activity 
of fibrinolysin. Thus fibrinolysin intravascularly may destroy fibrin 
as rapidlj' as it is formed, even though, in vitro, the same blood would 
form a solid clot which did not Ij'so even at 37° C. Since there is 
appreciable solubility of fibrin in aqueous solution (Jaques, 1938) 
no tangible clot may over form, even though all the fibrinogen is 
converted into fibrin. If the fibrin is never precipitated in the form 
of fibrils the platelets will not be removed in the meshes of a clot. 
Thus the finding of platelets in cadaver blood (Lenggenhager) is not 
proof that the blood has never clotted. 

In any attempt to accoimt for the state of the blood at autopsj', 
the relation between rate of intravascular coagulation after death 
and fibrinolysin concentration seems decisive. The less active the 
fibrinolysin and the faster the rate of coagulation, the more likely 
is the blood to be found clotted, as already explained. Conversely, 
since limb blood clots more slowly and contains more fibrinolysiA than 
heart blood, there is a greater fi'equency of incoagulable blood in 
limb veins than in the heart, and, by extrapolation, capillary blood 
would be expected to be fluid even more often, as was in fact found b}' 
Virchow. If endothelium is the source of fibrinolysin, there is a simple 
anatomical explanation for the increase in fibrinolytic activity mth 
decrease in the size of that vessel. The factors controlling the rate of 
intravascular coagulation have not been investigated. 

Besides these differences in site, differences in the mode of death 
also affect the relative activity of these two factors. In cases of 
sudden death the blood remains spontaneously coagulable for a short 
period only, which must mean that the rate of intravascular coagulation 
is rapid. Visible clot, however, is not found in the vessels, because 
fibrinolytic activity appears to be sufficiently powerful to lyse the 
fibrin as it is formed. In death from cachexia the rate of intravascular 
coagulation is greatly reduced, so that the blood remains spontaneously 
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in tlie fibrinolytic test system. Incubation of tbe pancreatic enzymes 
witb serum did not modify their activities and it seemed clear that 
they differed fundamentally from cadaver fibrinolysin, -which -was 
also firee from thromboplastic acti-vdty. 

Plasminogen is a globulin found in normal serum and activated 
by chloroform or streptococcal culture filtrates to form plasmin, a 
proteolytic enzyme -with properties -which distingmsh it from trypsin 
(Christensen and MacLeod). Unlike cadaver fibrinolysin, ho-wever, 
plasminogen is a euglobulin, and plasmin is -unstable at acid y)H 
levels and proteolyses fibrinogen at the same rate as fibrin (Christensen, 
1945). Thus there seem to be at least two distinct serum proteinases. 

fd-in proteinase is the first proved tissue proteinase -with an 
optimum pH on the alkaline side of neutrality and is distinguishable 
from the pancreatic enzymes by the specificity of its action on synthetic 
polypeptides (Beloff and Peters). Human skin removed tmder general 
•anaasthesia was extracted by the method of Beloff and Peters but 
provided unsatisfactory material for the fibrinolytic test system, since 
the extracts were markedly antithrombic. The extracts did sometimes 
show weak fibrinolytic activity, however. What is perhaps more 
significant is that the presence of activity in the extracts seemed to 
be related to the iUness of the subject from whom the skin was 
removed, in the same way that the presence of fibrinolysin in a cadaver 
was determined by the mode of death {vide supra). The idea of the 
similarity of cadaver fibrinolysin and skin proteinase, however, may 
be merely the result of ignorance of their other properties. 

The spontaneously active fibrinolysin described by Macfarlane and 
his colleagues (op. cif.) has not been characterised chemically at all, 
and it seems premature to assume that it is identical -with plasmin. 
The experimental data of Macfarlane and Pilling are compatible -with 
the alternative explanation that the spontaneously active fibrinolysin 
was cadaver fibrinolysin produced by the living subject. That tbis 
is possible is suggested by the observations here reported that the 
presence of spontaneously active fibrinolysin in patients post- 
operatively depends on the nature of the lesion which necessitated 
operation, just as the occurrence of fibrinolysin in the cadaver depends 
on the cause of death. 


The possible significance of fibrinolysin produdion during life 

Apart from its appearance as part of the body’s reaction to injury, 
fibrinolysin may have a physiological role, especially if its source is 
the eudothehum of the vascular chaimels. Blood, if left undisturbed, 
-will always clot eventually, though the interval before clotting begins 
depends very greatly on the physical properties of the internal surface 
of the container. However much the physical properties of the 
vascular endothebum make the endothelial surface anticoagulatory, 
some deposition of fibrin would be expected. Certainly there is a 
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toxsemia. Tho existence of large clots in the main blood vessels is 
thus not the normal phenomenon, as would have been expected from 
•tho behaviour of blood in vitro, but the abnormal phenomenon. 
Emphasis on the fluidit}’- of the blood as characteristic of any special 
cause or mechanism of death is probably misplaced, especially in the 
light of tho exceptions discussed earlier. 


The relation of cadaver fibrinolysin to other proteases 

Perhaps the most unexpected property of cadaver fibrinolysin 
is its failure to act on fibrinogen, a property it shares with the fibrino- 
lysin of human prostatic secretion (Huggins and Neal, 1942). 
Fibrinogen and fibrin have not been distinguished analytically, and 
X-ray photographs suggest tliat their molecular pattern is identical 
(Bailey, Astbury and Riidall, 1943). Fibrin ma}’’ therefore be an 
insoluble form of fibrinogen produced by molecular aggregation.* 
If so, cadaver fibrinolj'sin may be thought of as a depol^Tnerase, and 
it should be noted that Skundina and Rusakov (quoted by Yudin) 
failed to find any increase in residual nitrogen as a result of fibrinolysis. 
Macfarlane thought that post-operative fibrinolysis was due to an 
alteration in fibrinogen, but his experimental results can best be 
interpreted as depending on adsorption of the lysin bj’’ the clot while 
it is forming. 

Fibrinolysins have been described in blood or its derivatives by 
Nolf (1908), Rosenmann (1922), Yudin (1936), Macfarlane (1937), 
Huggins, Vail and Davis (1943), and in human prostatic secretion by 
Huggins and Neal (1942). Barnes (1940) reviewed tho available 
evidence on the proteolytic enzymes in leucocj'tes. Direct comparison 
of cadaver fibrinolysin with any of these proteases is impossible 
from lack of information as to their properties. SuflBcient evidence 
is available, however, for comparison with other proteases active on 
the alkaline side of neutrality and inhibited by serum — trjqpsin and 
chymotr 5 rpsin from the pancreas, plasmin (Cluistensen and MacLeod, 
1945), and the skin proteinase of Beloff and Peters (1944-45). 

Cadaver fibrinolysin shares with the pancreatic enz^-^mes the 
remarkable propert}’- of resistance to heat in acid solutions, and their 
salt-precipitation limits in neutral and acid solutions are also similar. 
Crystalline trypsin and chymotrypsin, however, destroyed fibrinogen 
as rapidly as fibrin, unlik e cadaver fibrinolysin, and the concentration- 
activity curves of the pancreatic enzymes in the standard lytic sj’^stem 
were quite different. Cadaver fibrinolysin was active over concentra- 
tion differences of at least a hundredfold without any interference 
with the clotting of plasma fibrinogen. With trypsin and chymotrypsin, 
however, there was only a ten- to twenty-fold difference between the 
lowest concentration whieh destroyed the fibrinogen before the plasma 
had had time to clot and tho Iiighest concentration which failed to 
lyse the clot overnight. Crystalline chymotrypsinogen was inactive 
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continual production of fibrinogen by the liver which must involve a 
continual removal of fibrinogen from the blood stream in some way. 
Fibrinolysin may therefore bo the natural physiological means whereby 
fibrin deposits are prevented from forming on the vascular endothelium 
in health. It is notoworthj' that infection and cachexia, which favour 
thrombosis, are conditions in which fibrinolysin production fails. 

The treatment of ha3mothorax depends very largely on whether 
the fluid is clotted or not. It seems likely that it is the activity of 
fibrinolysin wliich determines the outcome, since Sellers found the 
fibrinogen content of such fluid considerably less than would have 
been expected from its content of blood. Fibrinolysin maj’’ in fact 
be one of the factors which determine the course of any fibrinous 
inflammatory process. 

Lastly, if Duguid’s (1948) finding of fibrin thrombi on the aortic 
intima is confirmed and if his interpretation of these thrombi as 
the initial lesion of atherosclerosis is accepted, there is an obvious 
connection between the presumptive failure of fibrinolj^sin to prevent 
these thrombi and the auow that atherosclerosis is in some way the 
result of a failure of the body’s defence mechanisms against the injury 
caused by the stress and strain of civilised fife. 


SUMJIABY 

1. A fibrinolysin was demonstrated in over 90 per cent, of samples 

of fluid and incoagulable cadaver blood, all of which were free from 
fibrinogen. « 

2. The appearance of the lysin was considered to be part of the 
body’s general reaction to injury. TMs accounted for its presence 
in the blood after death from a wide variety of causes, and for the 
frequency with which fluid and incoagulable blood was found at 
autopsy. 

3. The fibrinolysin failed to appear after death from infections 
and cachexia, and this is the reason why in such cases the blood was 
found to be coagulated at autopsy. 

4. The fibrinolysin is probably produced by the endothehal lining 
of the vascular channels and body cavities. 

5. Cadaver fibrinolysin is a globulin with an optimum pK on 
the alkaline side of neutrality. Although it lyses fibrin it does not 
appear to affect fibrinogen. 

6. Cadaver fibrinolysin differs from plasmin and the pancreatic 
proteinases, but may be related to the sldn proteinase of Beloff and 
Peters and to the spontaneously active fibrinolysin of Macfarlane. 

7. The possible physiological and pathological significance of 
fibrinolysin formation is outfined. 

The greater part of this work was carried out in the Departments of Morbid 
Anatomy and Clinical Pathology, the Radoliffe Infirmary, Oxford, and the 
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Dcbing the influenza pandemic of 1918 Askanazy (1919) described the “ meta- 
plasierende katarrh ” of the tracheal and the bronchial epithelium, and expressed 
the opinion that it was more or less typical of this disease. By this he implied 
that the ciliated epithelium of trachea and bronchi had changed into a stratified 
undifferentiated epithelium, and he thought that this vras probably entirely 
built up anew. In the same pandemic, Wintemitz ei aZ. ( 1920) described necrosis 
of the respiratory epithelium with consequent regeneration to an irregular 
stratified form throughout the entire respiratory tract, including the small and 
terminal bronchioles. 

Studies on the pathology of experimental influenza in mice (Straub, 1937, 
1939, 1940 ; Nelson and Oliphant, 1939) and ferrets (Francis and Stuart-Harris, 
1938) have shown that in these animals the virus of interpandemic influenza 
A causes necrosis of the goblet and ciliated cells of the epithehum of the 
respiratory tract, but spares the layer of basal cells. From this layer a 
regenerative process starts, causing the epithelium to become temporarily 
stratified. The results of these experiments give support to the idea that the 
influenza virus multiplies in the respiratory tract epithelium. 


While we are well acquainted with, the pathogenesis of this epithelial 
necrosis in mice and ferrets, we have a quite inadequate knowledge 
of the experimental lethal infections of those a niTnaTs in which the 
tjqacal hsemorrhagic and oedematous lung lesion is observed. Nor 
do we know whether this lesion is a real virus pneumonia or whether 
it must be explained in some other way. (Continued research is 
urgently necessary here if we are to obtain a better understanding 
of the problem of influenzal pneumonia in man. 

The epithelial lesions described above do not seem to have been 
found in pathological studies, after 1933, of cases of human influenzal 
pneumonia where the influenza virus was demonstrated in the lungs 
(Scadding, 1937 =*= ; Stuart-Harris el al., 1938 ; Stokes and Wohnan, 
IQ'tO; Himmelweit, 1943 ; Parker et al., 1946). 


caJa 8""^ (mentioned by Scadding) on tho pathology of his 

cases ot mfluenzal pneumonia has not appeared in print. ^ 
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Dubing tile influenza pandemic of 1918 Askanazy (1919) described the “ meta- 
plasieiende katarrh " of the tracheal and the bronchial epithelium, and expressed 
the opinion that it -was more or less typical of this disease. By this he implied 
that the ciliated epithelium of trachea and bronchi had changed into a stratified 
undifferentiated epithelium, and he thought that this vras probably entirely 
built up anew. In the same pandemic, Wintemitz et al. (1920) described necrosis 
of the respiratory epithelium with consequent regeneration to an irregular 
stratified form throughout the entire respiratory tract, including the small and 
terminal bronchioles. 

Studies on the pathology of experimental influenza in mice (Straub, 1937, 
1939, 1940 ; Nelson and Oliphant, 1939) and ferrets (Francis and Stuart-Harris, 
1938) have shown that in these animals the virus of interpandemic influenza 
A causes necrosis of the goblet and ciliated cells of the epithelium of the 
respiratory tract, but spares the layer of basal cells. From this layer a 
regenerative process starts, caxising the epithelium to become temporarily 
stratified. The results of these experiments give support to the idea that the 
influenza virus multiplies in the respiratory tract epithelimn. 


While we are well acquainted with the pathogenesis of this epithelial 
necrosis in mice and ferrets, we have a quite inadequate knowledge 
of the experimental lethal infections of those animals in which the 
typical hsemorrhagic and oedematous lung lesion is observed. Nor 
do we know whether this lesion is a real vims pneumonia or whether 
it must be explained in some other way. Continued research is 
urgently necessary here if we are to obtain a better understanding 
of the problem of influenzal pneumonia in man. 

The epithelial lesions described above do not seem to have been 
foimd in pathological studies, after 1933, of cases of human influenzal 
pneumonia where the influenza vims was demonstrated in the lungs 
(Scadding, 1937 =<= ; Stuart-Harris ei al., 1938 ; Stokes and Wolman, 
1940 ; Himmelweit, 1943 ; Parker et al., 1946). 


caJ., comnw^eatioa by Gray (mentioaed by Scaddiag) oa the pathology of his 
cases oi influeazal paeuaioaia has not appeared in print. 
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Our own observations during tlie 1939-46 period confirmed 
Askanazj’^’s, and partly also those of Wintcrnitz el al. A modified 
autopsy teehnique is, however, necessary ; othenvise there is every 
likelihood that the epithelium of the trachea, bronchi and bronchioles 
will be lost or distorted in opening and washing out the air passages 
and in pressing on the lung parenchyma. The technique suggested 
is as follows. Autopsy should be performed as soon after death as 
possible. The trachea should not be opened, but should be carefully 
severed (without pressure) from the hilum of the lung and fixed in 
loto. As regards the lungs, portions of the inflamed lobes should be 
carefully excised with a very sharp loiife and fixed intact. After a 
few days fixation, small pieces of trachea, bronchus and lung are excised 
for microscopic examination. Experience has shown that only by 
following this technique can the epithelium of the respiratory tract 
be prevented from developing artefacts wliich may make correct 
appreciation of the morbid anatomical changes impossible. 

No investigations into the presence of influenza virus being possible 
in Rotterdam from 1939 until 1947, the pathological examination 
of the respiratorj’^ tract in difleront kinds of pneumom'a took the 
form described above. In 12 cases it concerned a syndrome which, 
on account of the clinical symptoms and the macroscopic aspect of 
the lungs, could •ndth reasonable probability bo looked upon as 
secondarily infected influenzal pneumonia. In 7 of these coses two 
main types of epithelial lesion were found in the trachea and bronchi. 
One type of lesion showed epithelium which had been reduced by 
desquamation to one layer of flattened cells ; in some of these, mitoses 
could be found (fig. 1). The other type showed regeneration starting 
from the basal layer of cells, with formation of an irregular stratified 
epithelium devoid of keratinisation and consisting of 2-G rows of cells 
(figs. 2 and 3). Where there was no acute inflammation, the mucosa 
showed, under the basement membrane, both severe hyperaemia and 
infiltration with mononuclear cells. It is important that in none 
of the Rotterdam cases was the epithelium of the bronchioles observed 
to be affected, in spite of bacterial inflammation of their mucosa) 
(fig. 4). 

In 6 of the 12 cases, both trachea and bronchi showed pseudo- 
membranous inflammation. In 8 cases the lung tissue was examined 
bacteriologically and in each the predominating organisms were 
staphylococci. 

It goes without saying that these observations must be tested 
by combined virological and morphological examinations. It is true 
this was done on a somewhat larger scale by Parker et al., but these 
authors did not pay sufficient attention to the existence of epithelial 
lesions in the trachea and larger bronchi ; hence their pathological 
examination was incomplete. 

During the big epidemic of influenza A in the Netherlands in 
1941 (van Bruggen et al., 1947), a fatal case of influenzal pneumonia 
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Fig. 1. — ^Traclieal muco'ia of a clinically suTiectccl ca=e of influenzal pneumonia of 
four daA’s’ duration (22.il. 46). The ba^^al-cell layer i^ left, «ho\\ mg flattened cells. 
Below the basement membrane, hypera-mia mtli infiltration bt’ IjTnphocytes 
and plasma cells, x 200. 
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Our own observ'ntions during tho 1930-40 period confirmed 
Asknnnzy’s, and partlj- also Ihose of Winternitz cl at. A modified 
autopsy tccliniquo is, however, necessary ; ollicrwise there is cveiy 
likelihood that tho epithelium of the trachea, bronchi and broncliioles 
will bo lost or distorted in oi)oning and washing out the air passages 
and in pressing on tho lung parench 3 *ma. Tho technique suggested 
is as follows. Autopsj' should bo performed as soon after death as 
possible. Tho trachea .should not bo opened, but should be carefully 
severed (without pressure) from tho hilum of tho lung and fixed in 
Mo. As regards tho lung.s, portions of the inflamed lobes should be 
carefully' excised with a verj* sharp knife and fixed intact. After a 
few days fixation, small pieces of trachea, bronchus and lung arc excised 
for microscopic examination. Experience has shown that only by 
following this technique can tho epithelium of tho respiratory tract 
be prevented from developing artefacts which may make correct 
appreciation of the morbid anatomical changes impossible. 

No investigations into the presence of influenza ^^rus being possible 
in Rotterdam from 1939 until 1917, tho pathological e.xamination 
of tho respiratorj' tract in difierent lands of pneumom’a took the 
form described above. In 12 cases it concerned a sj'ndromo which, 
on account of the clinical sjTnptoms and the macroscopic aspect of 
the lungs, could with reasonable probabilitj' bo looked upon as 
secondarilj’’ infected influenzal pneumonia. In 7 of these cases two 
main types of epithelial lesion were found in the trachea and bronchi. 
Ono typo of lesion showed epithelium which had been reduced by 
desquamation to ono laj'cr of flattened cells ; in some of these, mitoses 
could bo found (fig. 1). Tho other tyj)o showed regeneration starting 
from tho basal laj^er of cells, with formation of an irregular stratified 
epithelium devoid of keratinisation and consisting of 2-G rows of cells 
(figs. 2 and 3). Wliero there was no acute inflammation, tho mucosa 
showed, under tho basement membrane, both sovere hypencmia and 
infiltration mth mononuclear colls. It is important that in none 
of the Rotterdam cases was tho epithelium of tho bronchioles observed 
to bo affected, in spite of bacterial inflammation of their mucosa; 
(fig- 4). 

In 6 of tho 12 cases, both trachea and bronchi showed pseudo- 
membranous inflammation. In 8 cases the lung tissue w^as examined 
bacteriologically and in each tho predominating organisms were 
staphylococci. 

It goes without saying that these observations must be tested 
by combined virological and morphological examinations. It is true 
this was done on a somewhat larger scale by Parker ct al., but these 
authors did not pay sufficient attention to the existence of epithelial 
lesions in the trachea and larger bronchi ; hence their pathological 
examination was incomplete. 

During the big epidemic of influenza A in the Netherlands in 
1941 (van Bruggen et al., 1947), a fatal case of mfluenzal pneumonia 
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Fig. 1. — ^Tracheal mucosa of a clinically suspected case of influenzal pneumonia of 
four days' duration (22.2.40). The hasal-cell layer is left, sliou inc flattened cells. 
Below the basement membrane, hypenemia with infiltration bt' K'mphocj'tes 
and plasma cells. X 200. 





Fig. 2. — Tracheal mucosa of a clinically suspected case of influenzal pneumonia 
duration of illness S days (27.2.46). Epithelium regenerating. Small ulcer ij 
centre, ^\ith inflammatory' mfiltration m floor, x 200. 


1 in. 3.- Tnicheal mucosa of a clinically suspected ca^e of influenzal pneun 
1 uration I4 d.iy-. (20.3.41). Regenerutma epithelium of 'tratitied (undil 

tiated) t\pe. X 120. 




EPITHELIAL LESIONS IN INFLUENZAL PNEUMONIA 431 


vras investigated in the Medical Clinic of the University Hospital at 
Groningen. 

Case report 

The patient, a ■woman (Kr.) aged 34, died on the eighth day of 
her iUness (8th Feb. 1941) of broncho-pneumonia affecting all lobes 
of both lungs, with empyema in the right pleural cavity. During 
life, hasmolytic Staphylococcus aureus and hemolytic streptococci 
■were repeatedly cultivated from the sputum and from pus from the 
empyema. Post mortem the same micro-organisms were cultivated 
from the pus of the bronchogenic lung abscesses. Hosmophilus 
influemce was lacking. The blood culture was sterile on the fourth 
day of illness. On that day an influenza ■vdrus, strain A in ferrets, 
was obtained from the sputum (table, expts. 2 and 3). The first and 


Tabu: 


Mouse protection tests with patient's serum and ferret sera against 
influenza A, strain WS {filtrate 1 in 10) * 


Eipt. 

Serum 

Serum dHution 

Control 

lin2 

linlO 

liaSO 

1 

Patient (Kr.) 

4.2.41 

Patient (Kr.) 

8.2.41 

'"V"’ 

4.4.4- 

D _^4-4-4. 



2 

Perret (inoculated 
■with sputum ; 

3id passage) 

1 1 1 

-t-f 

~r-h 

T 

D -r-r-i— r 

3 

Ferret (inoculated 
■with ^utum ; 

3rd passage) 

Ferret (inoculated 
■with ground lung) 

-r 4- + 
D-f-r4- + 

... 

-r 

D-LJ + 4- 


D 4-4““t~4* 


• Surviving mice Idlled after 6 days, 
t ^OTJ-speeiftc death. 


-{-to -f* 4- -f- *= different degrees of lung lesions. 

ID = died of influenzal pneumonia. 

two subsequent passages showed fever on the third day, -with rhinitis. 
The patient s serum showed an increase of immune bodies against the 
■virus strain WS (mfluenza A) between the fourth and 
illness (table ; evpt. 1). Post mortem, no virus could be 
in the right lower lobe (table, espt. 3). 


eighth days of 
demonstrated 
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Recently the ferret sera of this case, ■\vliich had been lost during the 
war, were found. They were freed from non-specific inhibitor by 
cholera filtrate and tested by the hajmngglutination-inliibition test. 
The “ sputum ferret ” scrum showed a titre against PR8 of 192 and 
against Leo of <12. The “ lung ferret ” serum showed no antibody 
against PR 8 or Leo (titre <12), The.so experiments again prove that 
the case hero described was one of influenza A. 

The post-mortem diagnosis was ; no tonsillitis ; bluish-red hj^erajmia 
of the mucous membrane of pharjTix and palato-pharjmgeal arches ; 
slight pseudo-membranous tracheitis ; e.xtensivc pseudo-membranous 
bronchitis ; purulent bronchiolitis in all lobes of both lungs ; confluent 
hajmon'hagic fibrino-purulcnt broncho-pneumonia with abscesses in 
all lobes ; fibrino-purulcnt pleurisy ; right-sided empyema. 


Eislopathology of the respiratory tract epithelium 

The epithelium of the trachea shows stratification mthout 
koratinisation of the cells, the number of the laj-crs being from 4 to 6. 
Mtoses are not found (fig. 5). In the gland ducts the epithelium 
consists of 2 or 3 laj’crs of flattened cells. There is slight infiltration 
of the epithelium ivith leucocj’tcs and lymphocjdes, as under the 
basement membrane. The mucosa shows severe hj'pormmia. The 
epithelium of the greater bronchi has almost completely disappeared 
owing to the extensive pseudo-membranous inflammation of their 
walls. Sometimes, however, it is present, and it then consists of 
1-4 layers of flattened or cubical cells (fig. 6). Jlitoses are rare. 
Interruption of the epitheUum by pseudo-membranous exudate is 
frequent. Generally there is severe infiltration of the epithelium 
by leucocytes. 

A small bronchus (-ndth cartilage) in the lingula of the left upper 
lobe was studied in serial section because of the absence of any severe 
cellular or fibrinous inflammation in its wall. The lumen is occupied 
by sero-fibrinous exudate with a relatively small number of leucocytes 
and many chains of streptococci. In places the epithelium has become 
desquamated, showing only 1 or 2 layers of flattened cells, some of 
them with pyknotic nuclei (fig. 7). In or below this layer, patches 
of cells with round and oval nuclei are seen which suggest that epithelial 
regeneration is in process (fig. 7). This is confirmed by the finding 
of mitoses (fig. 8). In one patch in the wall tliis regeneration has 
advanced to stratified (undifferentiated) epithehum (fig. 9), and there 
is severe infiltration with leucocytes. In some small bronchioles of 
the left upper lobe (lingula) the same regeneration of epithehum is 
seen. A small bronchus in the left lower lobe shows also a single 
layer of flattened cells together with severe inflammatory ceh infiltra- 
tion (fig. 10). A few mitoses in the basal-cell layer are foimd here. 
The epithehum of the small bronchioles in the left lower lobe, however, 
is mostly intact, in spite of the severe purulent inflammation of their 
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Fig. 4. — ^The same case as 
that of fig. 1. Purulent 
bronchiolitis. The epi- 
thelium is unchanged 
except for an area of 
lilceration (upper margin 
of bronchiole). X 200. 


Fig. 5 Tracheal epi- 

thelium of a case of 
influenzal pneumonia 
(caseKr.). Duration of 
illness 8 days (8,2.41). 
Regenerated epithe- 
lium -(vith stratifica- 
tion. x300. 




Fig. 6. — Case Kr, Remain- 
ing hasal-ceU layer of the 
epithelium of a large bron- 
chus in the right lower 
lobe in the midst of an area 
of acute bacterial inflam- 
mation. X 300, 
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BnoxcnLU. lesions in influenzal pneumonia 


Fig. 7. — Case Kr. Small 
bronclius (with cartilage) 
in the lingula of the left 
lung, shouing surinfing 
layer of basal cells. In 
the middle. “ young ” 
epithelial cells. No acute 
bacterial inflammation in 
mucosa, x 300. 




Fig. S, — Case Kr. The same 
small bronchus as in fig. 7. 
Jlitosis in basal-cell laver. 
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■walls. The only exception to this is -where purulent inflammation 
has hrohen through the wall (fig. 11). Most of the small bronchi 
and bronchioles are dilated. 

Discttssioji 

An interpretation of the epithelial lesions described above cannot 
be given -with absolute certainty. They look very much like the 
experimental influenzal epithelial lesions in mice and ferrets, and they 
partly correspond to the pandemic influenzal lesions in man described 
by Askanazy and by Wintemitz. They might therefore very -well 
be regarded as specific influenzal virus lesions. An alternative 
explanation -would be that they are due to bacterial toxic action on 
the epithelial cells. Against this -view it may be pointed out that the 
epithelium of most of the small bronchioles shows no similar lesion 
in spite of severe purulent (bacterial) inflammation, while the epithelial 
changes depicted in figs. 7-9 cannot properly be explaiaed on the 
basis of a bacterial toxic lesion. In the first place it is improbable 
that such a lesion would spare the basal-cell layer : one never 
encounters this phenomenon in other situations where a purulent or 
pseudo-membranous inflammation destroys the bronchial wall. It is 
also important to notice that m spite of the severe bacterial inflamma- 
tion figs. 8 and 9 show regenerating epithelial cells in addition to the 
leucocytic infiltration. It is difficult -to explain pictures like these 
on the basis of a bacterial -toxic lesion alone. Other purulent 
inflammations of the bronchi -with severe cellular infiltration do not 
show comparable lesions, for mstance those in Haemophilus infections 
(personal observations). 

In our opinion it is worth noting that Wintemitz et al., in their 
cases of pandemic influenza, describe extensive necrosis and patho- 
logical regeneration of the epithelium of the small and terminal 
bronchioles. It is possible that this is due to a difference in patho- 
genicity of the -viras of pandemic and that of interpandemic influenza. 

We further feel that at post-mortem the virologist should not try 
to isolate influenza -virus fi-om the limg alone, but also, and particularly, 
from the mucous membrane of the trachea and bronchi. 


Summary 

The observations of Askanazy and of Wintemitz et al. on epithelial 
lesions of the trachea and bronchi in cases of iufluenza occurring 
dumg the 1918 pandemic were confirmed to a certain extent in 
various cases of clinically suspicious influenzal pneumonia seen during 
the 1939-47 period, as well as in a case of -virolo^cally confirmed 
mteiyandemic influenza in 1941. A special autopsy technique for 
tbe trachea and lungs in influenza, necessary for the demonstration 
ot these lesions, is described. 

The epithelial lesions, which are more or less identical -with those 
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described in mice and ferrets, consist in the disappearance of the 
goblet and ciliated columnar cells, the basal-cell layer being preserved 
and subsequently regenerating to a stratified (undifferentiated) 
epithelium. In all but one case the epithelium of the small bronchioles 
was found intact, even in a case where there was punilent bacterial 
bronchiolitis. This raaj' constitute a dificrcnce from pandemic 
influenza, in which Winternitz ct al. found necrosis of the broncliiolar 
epithelium also. The ej)ithelial lesions now described are considered 
b}’^ the authors as being caused bj' the action of influenza ^^rus. An 
alternative explanation of the epithelial lesions on the basis of bacterial 
toxic action cannot be completely refuted. Further combined 
virological, bacteriological and pathological investigations are necessarj' 
to determine the significance of these changes. 
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THE EFEECTS OE KAOLIN ON THE 
LUNGS OF RATS 

E. J. Kikg and C. V. Haekison 

Postgraduate Medical School of London 
and 

G. Nagelschmidt 
(Plates LXXV-LXXVm) 

The mineral kaolinite, of chemical composition Al 2 O 3 . 2 SiO 2 . 2 H 2 O, 
is one of the chief clay minerals. It is a layer lattice sUicate built 
up of units of A1, Si^O.(OTT)^ in a triclinic atomic arrangement which 
has recently been re-determined by Brindley and Robinson (1946). 
Kaolinite occurs in nature usually through alteration of felspars by 
hydrothermal processes or by surface weathering. The naineral 
kaolinite forms the chief constituent of kaolins or china clays. These 
are produced industrially on a large scale and serve as raw materials 
in many industries. World production in 1937 was of the order of 
3-2 million tons, of which a quarter came from the kaohn deposits 
in Cornwall and Devon. Other major producing coxmtries were the 
United States, Czechoslovakia, Japan and Germany. The paper 
industry is the largest consumer of kaolin, followed by the ceramics, 
refractories, rubber, cement, paint and many other industries. 

The older literature contains several references to pnemnoconiosis 
produced by kaolin, e.g. Lemaistre (1894) and Hlava (1897). Most 
of the recent references to any industrial hazard arising from the 
inhalation of kaolin have been concerned with the pottery, ceramics 
and refractories industries, where kaolin is used in admixture with 
other mineral powders, notably felspar and flint (Koelsch, 1930 ; 
Pancoast and Pendergrass, 1931 ; Legge and Rosencrantz, 1932 ; 
Gudjonsson and Jacobson, 1934 ; MoUer, 1934 ; Quaintance and 
Morris, 1934 ; Hartmann, 1935 ; Langelez, 1935 ; Behneman, 1936 ; 
Kaestle, 1936). The possibility of pneumoconiosis occurring amongst 
workers in china clay, which is nearly pure kaolin, is discussed by 
Mddleton (1936) who states (p. 61) that in the principal home of the 
industry in Cornwall “ there is a general belief that no injury to health 
follows exposure to the dust ”. 

^ Kaolin is also a prominent constituent of the rock strata associated 
with the South Wales coal measures. It occurs in considerable 
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concentrations in the dust of coni mines. King and Nagelschmidt 
(1945) concluded from a .study of the annl 3 ' 6 cs of coal miners’ lungs 
that this kaolin Avas probablj'^ not a factor in the production of coal 
minors’ pneumoconiosis, and Belt and ICing (1945) found a minimum 
of pathological change in the lungs of animals injected with those 
powdered strata from the coal mines which contain the largest amounts 
of kaolin. However, thoj’ also observed that a sample of commercial 
acid-washed kaolin produced some pathological change — more than 
that resulting from the natural kaolin-containing rock from South 
Wales. The possibility that acid treatment increases the pathogenicit}* 
of kaolin was explored b}' King, Gilchrist and Rac (1947). 

The experiments of Kettle (1934) have an important bearing on 
the question of whether kaolin maj’ be a factor in the production of 
pneumoconiosis. Kettle observed onl^’’ a cellular reaction, with the 
formation of plaques of dust and cells in the alveoli, when kaolin 
Avas introduced into the lungs of guinea-pigs, hut when mixed AA-ith 
dead tubercle bacilli kaolin caused the formation of fibrotic tissue in 
lesions verj’ similar in structure to silicotic nodules. Siegmund (1935) 
also suggested the possibilitj* that a tuberculous process may exaggerate 
the changes produced bj' kaolin and other silicious substances in the 
lung tissues. 

The investigation hero described Avas concerned with the effects 
produced by two forms of kaolin occurring in this country’, both 
of Avhich have at A'arious times been thought to can-j"^ a possible 
industrial hazard, although no positiA’c eA-idcnce has, as far as aa-c know, 
ever been adduced. One Avas a fraction beloAV 1 (j. equivalent diameter 
of a kaolin from ComAvall, the other Avas prepared from mineral matter 
of a bituminous coal from South AVales. This consisted originally of 
kaolin and calcium carbonate and the latter was dissolved by treat- 
ment with COo. 

SIXTEUtAXS AND StCTUODS 
' Mineral dusts 

1. The South Wales kaolin -svas obtained from a samplo of tlio extraneous 
mineral matter from a bituminous mine (B. 29 (2) siidrs 1-GO; Hicks and 
Nagelschmidt, 1043). Besides tlie kaolinito, it contained carbonates in con- 
siderable amoimt.* These -were removed by passing •water containing CO. 
through a bed of 10 g. of the finely ground sample contained in a sintered gloss 
crucible. The process was continued until the loss of weight of the residue 
was less than 0-01 g. It took approximately 100 lu^. before such conditions 
were obtained. The loss in weight when constancy was obtained was 3-32 g., 
equivalent to 33-2 per cent, of the original sample. The COj in the residue 
so obtained was “adsorbed” 1-02 per cent., "fixed” 0-74 per cent. It is 
therefore unlikely that the residue contained more than 2 per cent, of carbonates. 


• The original sample contained 16-12 per cent, of COj and the carbonates calculated 
from the analysis of the ash were : 


CaCO, 

MgCO, 

F0CO3 


10-84 por cent. 
10-82 


»» 


36-68 
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2. The Cornish kaolin consisted of two samples. 

(а) Untreated kaolin was prepared as follows. Fifty g. of a commercial fine 
kaolin were suspended in water and the fraction remaining in suspension at 
5 cm. height after 24 hours was removed twice. The clay was flocculated with 
the Tninimum amount of hydrochloric acid required to bring the suspension to 
a pH. between 3 and 4, collected on a Buchner filter, washed with water and 
dried. 

(б) Ignited kaolin is used as a raw material for refractories. Two-thirds or 
more of the silica is present in the ignited product as silica glass finely distributed 
in mullite. The decomposition of the kaolin on heating is illustrated by the 
following equation 

SCAljOj. 2SiOs)^3AljOj. 2SiOj-f 4Si02 
kaolin ^ mullite -ffiree sUioa. 

The free silica forms a glass with min or amounts of alkalis and other constituents 
present, and, \mder equilibrium conditions, this glass contains about 5 per cent, 
of AljOj. The action of this material on the lung is completely unknown. A 
sample was prepared for animal experiment as follows. Two hundred g. of a 
ground sample of calcined kaolin were shaken up with water and the material 
remaining m suspension at 5 cm. height after 6 hours was repeatedly syphoned 
off. After settling and decanting, the residue was dried, giving about 30 g. of 
material under 2 p. 

3. Quartz was used in a control experiment for comparison with the kaolins. 
The sample used was from a commercial source (Messrs Colin Stewart, Ltd., 
to whom we are grateful for a supply). On analysis it contained 97*1 per cent. 
SiOj. The size distribution of the particles is shown in table I : 

Tabie I 


Size distribution of quartz particles used in a 
control experiment 


size (ft) 

Per cent. 

(by no.) 

Under 0-2o . 

7-7 

„ 0-5 . 

' 28-9 

„ 1 . 

67-1 

„ 1-5 . 

83-6 

„ 2 . 

91-9 

„ 3 . 

98-0 

„ 4 . 

99-0 

„ 5 . 

99-5 

„ 6-8 . 

100-0 


Silica solubilities of mineral dusts 

, ®™onnts of silica released into solution from the above dusts were 

e emmed by the procedure described by King (1945, 1947). The results are 
pven m table II. The silica solubilities of the kaolin are aU very low, and 
in-L-crfl recorded for the impure kaolins and shales used in pr^ous 

(3-4 laboratory. The solubility of the commercial quartz 

less thfn considerably greater than that of the kaolins, but is 

I^solubflil^ purified samples of quartz described in previous papers. 
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Experimental procedure 

Tho animnl oxporimonts ivcro conducted along tho lines previously described 
(Bolt and King, 1915 ; King, Gilchrist and Kao, 1917). The technique was 
that of Kettle and Hilton (1932). Black and white rats of 200 g. weight were 
lightly antesthetised with other and tho trachea oeposod bj' blunt dissection. 
TJio powdered kaolins, suspended in saline containing 3 per cent, of milk, were 

Taiilt: II 

Silica solubilities of kaolins and quartz 
(0-2 g. of mineral dust shaken with 10 ml. of bufTcrod Ringer solution 
(pH 7-4) for 48 hrs. at 37° C.) 



Amount of i1I“«oIvt<I 
>nica(niK. HlOtUOOml.) 

South Wales kaolin 


OC 

Comiali kaolin, untreated . 


0-4 

„ „ ignited 

Quartz, commercial (C.S.) . 


0-0 


.3-4 

Qunrtz-}-aluminium powder 

• • 

0-1 


sterilised bj’ steaming and injected into tho lungs through a sharp needle inserted 
into tho trachea. Each ml. of tho mixture contained 50 mg. of kaolin. Between 
1 and 1-2 ml. (i.c. 50-G0 mg. of kaolin) were injected into cacli animal, ten rats 
being used for each sample. There were a few operation casualties, but most 
of tho animaLs siu^dvod and lived for x'arjdng periods up to C months, when tho 
remaining rats were killed, 

REStTLTS 

South Wales kaolin, Nino of tho 10 rats were available for 
examination, tho remaining rat hn%nng died and been eaten by its 
mates. By tho 40fch day tho particles of kaolin were collected into 
aggregates, which in turn were collected into foci in tho lungs. The 
aggregates lay partly within the alveoli and partly in the interstitial 
tissue. Up to tho GOth day no fibrous reaction was produced. After 
60 days there was a strictly local reticulinosis in the parts of the Ixmgs 
where the kaolin lay (figs, 1 and 2). This reticulinosis was slight in 
amount and appeared to bo mainly a walling off of tho foreign material. 
There was never any fibrosis or emphysema. So far as this experiment 
is concerned. South Wales kaolin does not appear to produce any 
fibrosing lesion comparable with silicosis. 

Cornish Jcaolin (untreated). Of the 10 rats, 6 died on the 1st day, 
one on the 2nd, one on the 9th, one on the 167th and one on the 161st. 
Those dying in the first few days showed tho presence of the kaolin. The 
rat which died on the 167th day showed neither foreign particles nor 
reaction. The rat which smvived for 161 days showed nmnerous small 
pneumonia-hke foci of consolidation throughout both lungs (figs. 3 and 
4). In these foci the alveoli were filled with large macrophages which 
contained some dust. There was no increase of reticulin. It would be 
unsafe to draw conclusions from tins experiment, but the fact that two 
animals survived for more than 100 days without any fibrous reaction 
suggests that Cornish kaolin does not produce severe fibrosis. 
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Cornish haolin (ignited). Only 4 of tte 6 rats used in this control 
experiment -were available for examination : these had survived for 
14, 28, 73 and 140 days respectively. In the first three there vras a 
simple phagocytic reaction without reticulinosis. In the rat which 
survived for 140 days there was a phagocytic reaction in the perivascular 
connective tissue, associated with a strictly local reticulinosis (figs. 5 
and 6). It is unsafe to draw conclusions from this single animal, 
but the result suggests that ignited kaolin can produce some local 
reticulinosis hut not fibrous silicosis. 

Quartz (commercial C.S.) . Eive of the 6 rats used in this experiment 
were available for study : they had survived for 68, 121, 130, 207 
and 240 days respectively. AH showed severe nodrilar silicosis. At 
68 days there was a patchy but not nodular cellular consolidation, 
consisting of fibroblasts and macrophages. With silver impregnation 
considerable reticulinosis was visible in the form of fine fibrils forming 
a tangled web in the consolidated areas (fig. 7). These lay mainly 
around vessels and bronchi, but also occurred free in the parenchyma. 
At 121 days the lesions had become typical silicotic nodules (fig. 8). 
They were densely collagenous in the centre but with some cellular 
activity (of fibroblasts and macrophages) at their periphery. By 
200 days these rounded nodular lesions had lost any cellularity and 
formed spherical masses of acellular collagen. 


Sttmmaey 

The pathogenicity of samples of South Wales and Cornish kaohn, 
in comparison with quartz, has been tested in rats by the intratracheal 
insufflation of suspensions of the powdered minerals into the lungs. 
The kaolins produced only a very mild reticuUn reaction not com- 
parable with the silicosis produced by quartz. A specimen of ignited 
kaolin, which contained amorphous silica, produced slightly more 
reticulinosis but no fibrous silicosis. 

We are grateful to the Medical Research Council for a grant to defray part 
of the expenses of this investigation. 
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TISSUE CHANGES IN IMICE TREATED WITH 
PENTOSE NUCLEOTIDES AND RELATED 
COiyiPOUNDS 
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L. Dorothy Paesons 
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Manchester University 


(Plate LXXTX) 

The results of preliminary investigations into the action of the pentose 
nucleotides on tissues of normal and tumour-hearing mice have 
already been described (Barker, GuUand and Parsons, 1946 ; Parsons, 
Gulland and Barker, 1947 ). Further experiments have confirmed these 
results, and examination of the biological changes induced in normal, 
irradiated and grafted mice by injection of uridylic acid, or two or 
more of the nucleotides in various combinations, has been carried 
out. Preliminary experiments have also been undertaken with 
adenosine, uracil and uridine. Results of these experiments are set 
out below. 


Material asd methods 
Groups of experimental mice 

1. Tumour-bearing stock and pure-line mice treated with pentose nucleotides 
and their corresponding controls (650). 

2. Normal mice treated with pentose nucleotides (227). 

3. X-radiated mice treated with pentose nucleotides (86). 

Stock and pure-line (CBA and C 57) normal and tmnour-bearing mice were 
used, the tumour-hearing pure-line mice being grafted with homologous methyl- 
cholanthrene sarcomas, the grafted stock mice with the heterologous Crocker 
^rcoma. Though the latter, when treated with gtianyhc acid, showed diminution 
m size and weight of the tumours as compared with the controls, the results 
were mconsistent and experiments with stock mice were discontinued. 


Tumours employed 

Mcthylcholanthrene sarcoma in GBA mice. This homologous tumour and 
its systemic effects have already been described (Parsons, 1942, 1943). 

Mcthylcholanthrene sarcoma in C 57 mice : systemic ejects. This sarcoma 
has been found to induce only a moderate leucoo>dosis in grafted mice, and 
neither amyloid nor myeloid conditions of the liver and spleen have been noted. 
Reticulosis and plasmocytosis of lymph glands is common, and iron-reacting 
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1946 ; Parsons, GuUand and Barker, 1947) and the results of experi- 
ments general!}’’ are given in table IT. Tliough iron-reacting deposits 
occurred in spleens of untreated grafted C 57 mice, yet histological 
examination of spleens of tumour-bearing mice injected •with adenylic, 
guanylic or cytidylic acid suggests that considerably larger amounts 
of iron-reacting material occurred in these than in those of the untreated 
controls. No quantitative estimation of the total iron content has 
yet been made. Injection of uridylic acid appeared to diminish the 



Fig. 1. — Cliart showing tumour weights in C 57 sorcoma-benring mice treated with 
adenylic or guanylic acid and tho corresponding controls. Each upright indicates 
a treated and a control mouse. 


amount of iron-reacting deposits, tyliich -n-ere frequently entirely 
absent. In two mice treated -with guanylic acid amyloid infiltration 
of the spleen was observed ; this condition was not noted in any of 
the control mice. 

The average splenic weight in sarcoma-bearing mice treated -with 
adenylic or cytidylic acid was low or •within the normal range and 
the number of giant cells per imit area was diminished. In contrast, 
spleens of mice treated -with guanylic or nridylic acid showed an 
increase in weight and in the number of giant cells. 

Injection of the nucleotides did not appear to have much effect 
on the leucocytosis which accompanies the gro-wth of grafted 0 67 
sarcoma. Table III gives representative white-blood-ceU counts from 
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^ HICC. 

Fio. 2. — OImvfc Riiowing tumour woiglits in 0 57 snroomft-boaring mico Fio. 3. — Chavt nhowing tumour woiglits in C 57 finrcomn-boftring mico 
troivt-od witli oytidylio noid, with simultanooiis injoctiouB of ndonylio trontoc) witli uridyiio iioid, urnoil or nridino, and tho corroflponding 

and guanylio aoidn or adonylio and uridyiio aoids, or with ndonoaino, controls, 

and tho eorrospondiiig controls. 
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simultaneously with cytidylic acid very high blood counts were 
obtained, the leucocytosis reaching leukajmic proportions in many 
cases. Total counts of 100,000-200,000 white blood cells per c.mm. 
have been recorded (fig. 9). In these cases absolute values of 



Fio. 4. — Chart Bho%Ting roprosontativo blood counts in stock mico treated with 

adenylic acid. 


lymphocytes were increased, the polymorph count varied and might 
occasionally cross the lymphocyte line, and an eosinopliilia of moderate 
degree was present. 

Where sodium uridylate and adenj'lic acid were injected simultane- 
ously, their combined action on the blood varied. In some cases the 
total count remained within the normal range and the relationsliip 
of lymphocytes and pol 5 miorphs was unchanged : in others a leuco- 







TUOUSAMM 


•BLOOD COUNTS NORNAL MICE TREATE D WITH GUANYLtC ACID. 

iTorALcauHY ® © 

. WMPHOCYrtS. 

I POtYMO^PHS* 

: MOAH^L ^ CCt^ttl 



Fig. 6. — Chart showing representative blood counts from three young stock mice 
(same litter) treated with gusnylic acid. 


B^JHOPrtlL KRCfHTACC 1« WBC COWMT Of HOVSE TREATED WITH 6UWUC ACID 
URVP/UC ftCiP. 

*-• ADSNYUC AOD 


cvnpruc AaD. 


« kcamal or C9v>i9f>«L$ 


Chart Ehowing representative eosinophil counts in mice treated ivith adenylic, 
guanylic, cytidylic and uridylic acid. 
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cytosis of late appearance in treatment and rising to 40,000-00,000 
white blood colls per c.mm. occurred. In these cases the absolute 
values of both lymphocjdes and polymorphs were increased. "Where, 
however, guanylic acid was administered together with uridyhc acid, 
a leucocytosis of considerable proportions occurred and might reach 



Fia. 9. — Chart of blood counts from mouse trootod with uridylio and oytidylic acids 

injected simultonoously. 

60,000-80,000 white blood cells per c.mm., the rise in the total count 
being due to a rise in the absolute values of lymphocjd;es onlj’^ (fig. 10). 

The eosinophiha mentioned above frequently appeared to bear a 
relationship to the changes in the polymorph count, a rise in the 
eosinophils coinciding with a fall in the polymorphs. This was 
noteworthy in the group of mice injected with guanylic and cytidylic 
acids simultaneously. Treatment with these compovmds induced a 
leucocytosis within 24 hours of the first injection, which, with fluctua- 
tions, remained at a high level and might reach 60,000-60,000 white 
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blood cells per o.mm. It ^ras observed that tbe increase or decrease 
of tbe polymorph count coincided -with a decrease or increase of 
eosinophils. Since guanylic acid appeared to stimulate the production 
of eosinophils and cytidyKc acid to increase the other granular cells 
these results suggest that at one phase during treatment the purme 
nucleotide exerted a dominant action, at another the pyrimidine 
nucleotide. 

Mice -which had adenylic and ^anylic acids injected together 
showed blood changes characteristic of guanylic acid. The total 



Pio. 10. — Chart showing representative blood counts from mice treated with guanylic 
and viridylio acids injected simultaneously. 


counts tended to remain at a very low level, a feature which might he 
due to the combined action of the two inhibitory purine nucleotides 
on the blood-forming tissues. The relationship of polymorphs to 
lymphocytes was rarely altered. When, however, adenylic and 
cytidylic acids were administered simultaneously a moderate leuco- 
cjtosis usually occurred, which might rise to 50,000 white blood cells 
per c.mm. Absolute values of lymphocytes were frequently dimioished, 
but those of polymorphs and immature myeloid ceUs were increased. 
Eventually the polymorph line tended to cross the lymphocyte and 
to be maintained at a higher level for considerable periods (fig. 11), 
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These nucleotides injected together appeared to he the two compounds 
definitely stimulating and sustaining an increased output of polymorph 
leucocytes. Since both adenylic and C3rtidylic acids had been found 
to increase the number of immature myeloid cells in the blood this 
reaction was to bo expected. 

Blood changes in mice treated with uracil or uridine appeared 
similar to those noted in mice injected with uridylic acid. Adenosine 
appeared to exert an action simUar to adenylic acid. 



Fio. 11. — Chart showing roprcscntntivo blood counts from mice treated with (1 and 2) 
adenylic and cytidylic acids injected simultoncously, and (3 and 4) adenylic and 
uridylic acids administerod together. 


Spleen and liver. Table W sets out the splenic changes occurring 
in normal mice treated with the four nucleotides. Injection of two 
compounds simultaneously seemed to cause more toxic efiects than 
either administered separately. This was marked in mice treated 
with the two purine compounds, where the splenic w'eight was much 
diminished and focal necrosis of spleen, liver and Ijnnph glands was 
common. The mortality among these mice "was high. These efiects 
might he due to the combined inhibitory action of purine nucleotides 
tending to arrest cellular activities, as in their action on the blood. 
Bocal necrosis was, however, observed in the spleen and liver of mice 
of all groups, but its incidence was rare. A considerable increase of 
splenic giant cells W'as found in mice treated W'ith guanylic or uridyhc 
acid, or either of these in combination with adenylic or cytidylic acid. 

Amyloid infiltration of the spleen and liver was found in isolated 
cases in most of the groups of mice as set out in table TV. Iron- 
reacting deposits were abundant in the spleen of mice treated with 
cytidylic acid but scanty or absent in the spleen of mice injected 
with midylic acid, uracil or uridine. Pigment giving the reactions of 
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melanin occurred in the spleen of mice of all groups, but was most 
abundant in mice treated with guanybc acid, or guanybc acid injected 
with either of the pyrimidine nucleotides. 

Table IV 

Splenic changes in normal mice injected with pentose nucleotides and 
related compounds, singly or in combination 


Compound 


Adenylic acid 
Guanylic acid 
Cytidylic acid 
Uridylic acid 
Adenosine 
Uridine 


Adenylic and cytidylic 
acids 

Adenylic and guanylic 
acids 

Adenylic and uridylic 
acids 

Guanylic and cytidylic 
acids 

Guanylic and uridylic 
acids 

Cytidylic and uridylic 
acids 


Averace Xo. of 

Avcraec no. of mice Iron- Piement t. . . . 

splenic giant showing reacting Focal necrosis 

of mice ^ amyloid deposits 

unit area change 


Occasional 



Frequent 


Occasional 


Lymph, glands. The lymph, nodes of mice treated with, pentose 
nucleotides might be diminished, normal or increased in size. 
Considerable enlargement was noted in mice treated with guanylic acid 
injected with either of the two pyrimidine nucleotides. Histologically 
the changes induced in the glands of mice treated with the four 
nucleotides were s imil ar to those described in the glands of irradiated 
mice, in mice imdergoing treatment with carcinogenic compounds 
or in those bearing primary or grafted sarcomas (Parsons, 1938). 
In mice treated with simultaneous injections of adenylic and guanybc 
acids reticulosis was a marked feature, with diminution of lymphoid 
tissue. The reticulum cells were frequently of great size and stained 
a characteristic cherry-red colour with Pappenheim. They usually 
contained a smaU central nucleus, but multinucleated giant cells or 
giant cells with multilobulated nuclei were also occasionaUy found. 
These giant reticulum cells were highly phagocytic and contained 
red and white blood cells, plasma cells and, in many cases, iron- 
reacting deposits. Such cells occurring in the glands of mice treated 
with nucleotides resemble closely the large reticulum cells of sinular 
staining reaction and phagocytic function noted in the glands of mice 
bearing primary methylcholanthrene sarcomas. In this the action 
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of the nucleotides on the tissues is similar to that of sarcomatous 
growi/h in the body. 

Iron-reacting material -was found in the glands of mice treated 
with the purine nucleotides and with cjdiidylic acid, to n much less 
degree in those injected with uridjdic acid, uridine or uracil. 

Preliminary c.xpcriments to test the combined action of adenjdic, 
guanjdic and cytidylic acids have suggested that these three compounds 
together exert little effect on the total blood count, which is generally 
maintained within the normal range. Absolute values of polymorphs 
are increased and cosinophilia is frequent. Splenic changes are being 
further investigated, as is also the combined action of these nucleotides 
on tumour grou-th. 

X-radiated mice treated with pentose nucleotides 

Tissue changes in irradiated mice injected with the nucleotides 
were similar to those noted in normal mice treated with these com- 
pounds. Table V sets out the splenic changes induced in the irradiated 

Tabu; V 


Splenic changes in irradiated mice injected with pnitosc nucleotides 


Compound Injected 

Xo. 

of mice 

Avempe 
fplenlc 
«t. (R.) 

Averape 
no. of 
pl-mt 
celB per 
unit nrea 

.Vo of 
mice 
showlnp 
nmylolil 
clianpe 

Iron- 

renctlnp 

depodts 

ripment 

(mclnnln) 

Focal necrosis 

Adenj’lio ncid 



0-22 

7-2 

0 

+ + + 

Rare 


Guanylic ncid 



0-20 

230 

0 

+ + 

Rare 

± 1 

Cytidylic ncid 



0-30 

4-7 

1 


4 - 

4- 

Adenylic and 
acids 

guanj'Iic 


0-17 

17-7 

o 

+ 


± 1 

i 

Adcn3-lic and 
acids 

cytidylic 


0-15 

13-C 

o 

+ 



Guanylic and 
acids 

cj-tidylic 


0-29 

2-4 

0 

± 

-f 


Uridj'lic and 
acids 

cytidj’lic 

17 

0-40 

IM 

0 


-1- 

— 


animals. It has been pre^^ousIy shown (Parsons and Warren) that 
X-radiation causes a diminution of splenic giant cells per unit area. 
It will be seen, however, that in 5 of the 7 groups of irradiated mice 
treated with the pentose nucleotides the number of giant cells was 
markedly increased (fig. 12). Irradiation also appears to increase 
the incidence of amyloid infiltration, this condition being marked 
in mice treated with guanylic acid, where the percentage of cases 
rose from 14-2 in non-irradiated mice to 62'9 in irradiated. Focal 
necrosis was common, and heavy iron-reacting deposits were found 
in the spleen and lymph glands of mice treated with the two purine 
nucleotides. 

It was also noted that the leucopsenia which is usually present 
in generally irradiated mice and rises slowly to normal over a period 















,1. PATH IlAtT.— ViiL. lA 

CIIA^GL■S UNOrCKl) IIV PENTO^K KUCLEOTIDES 


Plate LXXIX 








.-i:si '■ :-i‘ 


Pjc. 5. — Axilinn- gland of mouse 
treatetl with adenylic acid, 
sho^ving dark (pru=sian-blue- 
positivo) areas at peripherj- 
with broad bands running 
doim to hiliun. Potassium 
ferrocvanide and hydrocliloric 




* vvs 






M 


Fig. S. — Spleen of mouse 
1219 treated with 
guanyhc acid, show- 
mg areas of amyloid 
infiltration encirclmg 
the malpighian bodies. 
H. and E. y 50. 






t t-r:' 






■>< 






■TKi 


r5V' .j.Vi iL-irfCa#? 




B 






CHANGES INDUCED BY PENTOSE NUCLEOTIDES 455 

of 10-16 days, was of shorter duration in mice treated with the 
nucleotides immediately after X-radiation. In these mice the leucocyte 
count rose steeply in G-10 days and was t 3 rpical of the particular 
nucleotide employed. It was accompanied hy an increase in the 
polymorph count. 

Discnssioir 

From the above observations on the action of the pentose 
nucleotides on tissues of normal and tumour-bearing mice, the 
biological activities of these compounds would appear to fall into 
three main groups, namely ; (a) those involving their inhibitory or 
growth-promoting action, more especially with reference to neoplastic 
changes ; (b) those inducing systemic effects closely resembling those 
induced by tumour growth in the body ; (c) those specific actions and. 
reactions of the individual compounds, either associated or dissociated 
in the ceU, whereby a balance is normally maintained in cellular 
activities and responses to stimuli regulated. 

Recent work has increasingly shown the relationship of nucleic 
acid to tumour growth, and the observations of Caspersson and 
Santesson (1942), Davidson and Waymouth (1944 b and c) and 
Stowell (1946, 1947) have indicated not only that active tumour cells 
show pentose nucleotides in larger amounts than occur in corresponding 
healthy cells, but also that a high nucleic-acid content is formd in 
neoplastic tissue, varying in concentration in different regions of 
malignant growths and often inversely to the amount of fibrous tissue 
present. It has been shown that pentose nucleotides, either in the 
fi:ee or polymerised state, are among the most common of all cell 
constituents and are intimately coimected with the synthesis of 
cytoplasmic protein. 

Caspersson (1947), in relating the system of protein formation to 
cell growth, states that this system is intensely active in the cancer 
cell, where also the increased rate of ceU division is related to changes 
in nucleic-acid synthesis. In such malignant cells the normal endo- 
cellular inhibitory mechanism controlling protein formation appears 
to be largely checked or absent, whereby unrestrained growth of cells 
takes place. In the healthy cell this system for protein production 
seems to he checked by certain inhibitors when the amount of material 
for protein synthesis falls below a definite level. The question arises 
as to the nature of these endocellular inhibitors. 

In the experiments mentioned above it was found that the two 
purine compounds, the ribose nucleotides adenylic and guanyhc acids, 
exerted a significant iohihitory action on tumour growth, whereas 
the ribonucleotide, uridylic acid, like its base uracil, had definite 
growth-promoting properties. Where either of the purine compounds 
was injected with uridylic acid the accelerated growth of the sarcoma 
was checked, and the resulting tumour weight conformed to that of 
the untreated control. The possibility is suggested that the purine 
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nucleotides may play a considerable part in the inhibitory mechanism 
in the cell. 

Evidence for this possibility is not altogether lacking. The protein 
formation mechanism indicated by Cnspcrsson includes the intensive 
production of ribonucleotides in the cytoplasm of the cell external 
to the nuclear membrane. These nucleotides appear to be derived 
from substances of a protein nature secreted by the heterochromatin 
of the nucleus and probably contain a considerable amount of diamino- 
acids. These diffuse direetty from the heterochromatin or via the 
nucleolus to the nuclear membrane, on the outside of which an active 
rebuilding of protein, involving ribonucleotides, has been shown to 
occur. Evidence of these changes in nucleic acid synthesis has been 
brought forward by Thorell (1944, 1945) and Thorell and Wising 
(1944) in their descriptions of protein formation in plasma cells in 
myelomas, and the cycle of events in the development of red and white 
blood cells. 

Further, Spizizen (1943), in his studies on the mechanism of virus 
multiplication, tested a large number of substrates for the propagation 
of a bacteriophage, P. He found that in S-7 x lO-^M gtycino anhydride 
— wliich medium appreciably supports virus P multiplication — the 
percentage increase of the virus in 100 mins, was most marked with 
yeast nucleic acid. This gave 350 per cent, increase. With guanylic 
acid as substrate the increase was nil, and it was diminished with 
adenylic acid. It was suggested that, since yeast nucleic acid contains 
the four nucleotides in its structure, the increased multiplication of 
the virus might bo due to the action of the two p^T-imidines present, 
and that the purine nucleotides exerted an inhibitory action markedly 
in contrast with the results obtained with other substrates, except 
xanthine, which gave only 15 per cent, increase. Such results appear to 
support the findings in the present experiments, where the p 3 Timidine 
nucleotide, urid 3 ’^lic acid, increased tumour growth, but the purine 
nucleotides inhibited it. 

From their studies on various t 3 rpes of nucleic acids and their 
specific reactions to streptococci and other organisms, Lackman ef al. 
(1941) concluded that, in general, nucleic acids precipitate specifically 
T\dth certain anti-sera, but it was found that the specific reaction 
could be inhibited by the purine nucleosides, nucleotides and bases. 
P 3 Timidine bases on the other hand showed weak inliibition onty and 
the pentoses and phosphates none at aU. 

Davidson and Wa 3 Tnouth (1943, 1944a) have pointed out that in 
rapidly growing tissues there is a high content of C3d;oplasmic ribo- 
nucleotides and that the amounts of simple ribonucleotides are low. 
It is possible that a disturbance of the normal nucleic-acid metabolism 
might interrupt complete pol 3 nnerisation of tetranucleotides and 
occasion a relative excess of purine or p 3 rrimidine compounds, the 
former exercising an inhibitory action on cell growth, repair or 
multiplication, the latter an acceleratory effect. Caspersson and 
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Santesson in their studies on protein metabolism in tumour cells 
state that disturbances in the heterochromatic system seem to be a 
necessary pre-requisite for malignant gro\rth. Such a disturbance 
in one phase of nucleic acid synthesis might well extend to other 
anabolic phases, with inteixuption or suspension of the normal cellular 
control of the inhibitory mechanism. 

Further it is possible that in the rapid polymerisation of nucleotides 
in sarcomatous growth an excess of diffusible acid-soluble nucleotides 
escaping polymerisation might be liberated in the extra-cellular fluids 
and thereby induce the systemic effects previously noted (Parsons, 
1945 ; Parsons et al., 1947). As shown by the experiments detailed 
above similar tissue changes can be induced in normal mice injected 
with pentose nucleotides and it is difficult to believe that tissue changes 
in tumour-bearing mice so nearly identical with those in normal mice 
treated with these compounds can be due entirely to different causes 
or combination of causes, more especially when it is remembered that 
nucleotides are abundantly present in tumour cells. 

The activity of the nucleotides must necessarily be related to their 
molecular structure, and the formulm of their nitrogenous radicals 
show certain relationships to their biological actions, which may be 
accidental. This is being investigated. 

It has been found that guanylio and uridylic acids exert similar 
actions on the blood and blood-forming tissues. Both usually cause 
marked increase in splenic weight and in the number of giant cells ; both 
cause an eosinophilia, which is of longer duration and greater degree 
in the case of guanylic acid ; neither nucleotide increases the munber 
of the other myeloid cells of the blood. Uridylic acid induces a high 
leucocytosis with absolute increase of lymphocytes, guanylic acid 
only a moderate leucocytosis with slight increase of lymphocytes. 
In mice treated with either of these compounds and then injected 
with adenylic or C5t;idylic acid, the effect of the latter was frequently 
masked by the more powerful action of guanylic or uridylic acid. 
Thus the splenic weight and number of giant cells were generally 
characteristic of the action of guanylic and uridylic acid, as was also 
the eosinophilia, and the effect on the blood picture induced by the 
combined action of the two inhibitors was similar. The action of 
adenylic or cytidylic acid could usually be detected only by the 
variations in the polymorph count and the increase of myeloid cells 
in the blood. 

The sunilarities and differences between the structure of guanylic 
and uridylic acids can be seen by comparison of the structural formulm 
of in and IV (p. 458). In the same way the structme of adenylic acid 
(I) and cytidylic acid (II) exhibits certain divergences and resemblances 
and it is to be observed that the biological actions of these compounds 
on the blood and spleen appear to be similar. Both cause a leuco- 
c^osis with increase of immature myeloid cells and a rise in the 
absolute polymorph values. A rise occurs also in the absolute values 
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of the lymphocytes, but ■with •nidc variations and frequent crossing 
of the lymphocyte line by the polymorph. Neither nucleotide induces 
an eosinophilia . Splenic weights tend to bo 'wdthin the normal range and 
giant cells are diminished in number or are onlj’^ slightly above normal. 
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These changes are most marked when the compounds are injected 
together in normal mice. In all considerations concerning the actions 
of the nucleotides on tumour-bearing mice the probability of the 
sarcomatous growth exerting a coincident effect on the tissue changes 
must be borne in mind, more especially if the tumour be metabolising 
and liberating ribonucleotides in the body. 

It -will be noted that amongst the acti^^ties of the four nucleotides, 
the similarity of the effect on the tissues of adenylic and cjiiidylic 
acids on the one hand and of guanylic and uridyhe acids on the other 
is not paralleled by similarity between the action of these pairs of 
compounds on tumour growth. It is thus possible that a relationship 
between tissue changes and tumour growth may be controlled through 
the agency of these compounds and that a disturbance in tlie 
metabolism of one or more of them may cause a deviation from the 
normal balance of processes in the cell, the observable effects of which 
■mil depend on the excess or deficiency of one or other of the nucleotides. 
It is also suggested that, by means of the action and interaction 
between the different nucleotides in the cell and their alternating 
activities, the balance of normal cell metabolism is maintained and 
normal responses to stimuli regulated. 

Experiments are being undertaken to attempt to correlate the 
biological reactions and molecular structure. 

Summary 

Experiments to test the effect of the pentose nucleotides on tumour 
growth in mice have shown that the two purine nucleotides, adenylic 
acid and guanylic acid, exert an inhibitory action, cytidylic acid a 
negligible effect, and uridylic acid a growth-promoting effect on 
sarcoma development. 



CEANOES JEDVCED BY PENTOSE NUCLEOTIDES 


459 


The tissue changes induced by the activity of the nucleotides and 
related compounds are contrasted and the striking similarity of these 
changes to those induced by tumour growth in the animal body is 
emphasised. 

We are much indebted to the Britisli Empire Cancer Campaign for grants 
supporting this research. Our thanks are duo to !Mr A. J. Reeves for irradiation 
of the mice, to J. Bang for the photomicrographs, and to Miss B. Downes for the 
histological preparations. 

Trig collaborators would record with deep gratitude their memories of the 
late Professor J. Masson GuUand, E.R.S., to whose genius and large-hearted 
wisdom this work owes so much. 
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OBSERVATIONS ON THE HEPATOTOXIC ACTION 
OE THE CARCINOGEN P-DBIETHYLAMINO- 
AZOBENZENE 

J. W. Osh, and D. E. Psxcs 

From the Department of Experimental Pathology and Cancer Besearch, 
School 0 / Medicine, University of Leeds 

(Plates LXXX-LXXXHI) 


Oe th.e ■various azo compounds ■which are carcinogenic for the liver, 
the most comprehensvve in'vestigations ha've been made respecting 
^-dimethylaminoazobenzene (DSIAB). Its carcinogenic action was 
at first attributed to a primary growth-stimulating effect on the 
liver cells, but a majority of subsequent workers appear to prefer 
the -view that the primary changes in the liver are degenerative in 
nature and are followed by reparative processes out of which cancer 
ultima'tely emerges (Orr, 1940, 1946-47 ; Edwards and White, 1941- 
42 ; Opie, 1944, 1946). It is somewhat surprising that but little 
attempt has been made to study the earliest effects of DMAS. It is 
not generally realised that this highly toxic substance is capable of 
killing animals in a few hours. In the present communication we 
report the results of such experiments, which suggest that these 
effects are due to hepatotoxic action. 


Material and methods 

Intraperitoneal injections were made of a solution of DSIAB in lard (37° G. 
filtrate). At first tlie solution contained 3-75 per cent, of D3IAB, but”this 
concentration approaches saturation and "vras troublesome for technical reasons. 
Most of the later esperiments -were therefore done -with a 2 per cent- solution. 
Injections in this "way give more accurate kno-srledge of the amount administered 
than is possible by the oral route, and it is also possible to obtain more reliable 
information as to the actual amount absorbed. Acpieous solutions are unsuitable 
because of the lo-w •water-solubility of DMAS, and most of the oj^anic solvents 
are themselves hepatotosio. Control rats received repeated injections of lard 
alone over prolonged periods -without detectable toxic effect on the liver. Olive 
oil has also been used as the solvent in a few instances ; the results appeared 
to be identical. 

Mixed stock rats -were used of an average weight of 210 g. (range 110-300 g.). 
They were fed on grain (mostly rolled oats, occasionally wheat or maize), bread 
crusts or rat cake {Thomson, 1936), with -water ad lib. During the experiment 
they were kept in separate cages. 

3. TiTB. BiCX.— Tot. tX 


461 



4C2 


J. W. OUR AND D. E. PRICE 


Tho rnto of absorption of DMAB was estimated in a separate group of rats 
which received 150 mg. per leg. body weight and wore killed at inter\'als there- 
after. Tho residue was washed out of tlio peritoneal cavity with normal saline, 
reduced to a small volume by evaporation on a sandhath, dried in a desiccator 
and extracted with ether. Tiio ether extract was made up to a standard volume, 
to 5 ml. of which were added 0-7 ml. of methylated spirit and 0-2 ml. of hydro- 
chloric acid. This was compared colorimotrically wth standard solutions of 
DHAB similarly treated. Tho reliability of tho method was tested hj' collecting 
in a similar way tho peritoneal contents of a rat killed immediately beforehand, 
when 100 per cent, of tho injected dye was recovered. Tho results ore shorni 
in tho table, and in fig. 1 tho amount of DMAB absorbed is plotted against 

Tabu: 

Rate of absorption oj p-dimclhylaminoazobcnzenc after 
mtrapcriloncal injections of 150 mg.lhri. 


Time In liotirs 

rorcpntaKc nbsorlieJ 
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07-7 
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log. time. It will bo seen that more than 75 per cent, of tho dye is absorbed in 
C hours and 95 per cent, in 24 hours. 



Pio. 1 . Rato of absorption of p-dimothylaminoazobenzeno after intraperitoneal 

injections of 160 mg./kg. 
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Toxicity of ji-dimdhylaminoazobcnzene 

The effects (mortality and time of survival) of various single 
doses (in mg./kg. body vreigbt) are shovnx in fig. 2, It viU be seen 
that animals receiving less than 150 mg./kg. survived, and those 
receiving more than 250 mg./kg., with one exception, died. In the 
intermediate dose range there were both survivals and deaths. 



Fig. 2. — Mortality in rats receiving siinple doses of ji-dimetliylaminoazobenzene. 


In the multiple dose experiments, when we gave 150 mg./kg. 
twice a week or 100 mg./kg. six times a week, most of the rats 
succumbed within a fortnight. But with 100 mg./kg. three times a 
week, or 50 mg./kg. six times a week, there were survivors at 38 days, 
at which time the present investigation was terminated, survivors 
being MUed and added to the histological material. There has been 
no evidence either of the development of tolerance to DMAB, or of 
a cumulative effect (other than that attributable to the progressive 
liver damage) if the interval between doses is greater than 1 day. 

Morbid anatomy 

The material on which this section is based consists of the livers 
of 159 rats. Other viscera were examined in a representative sample 
of animals, but no constant histological changes were found of severity 
comparable with those in the liver. In addition to the material 
mentioned in previous sections, a number of animals receiving smaller 
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amounts of DjMAB in single doses were Idlled and examined, as well 
as animals in the 150-250 mg./lcg. range Idlled at various times after 
treatment. In general, histological changes were not slrildng in 
animals receiving single doses of less than 100 mg./l^g., and somewhat 
doubtful under 50 mg./hg. 

Tissues were fixed in 4 per cent, formaldehyde-saline, embedded in 
parafiin wax and sections stained with Harris’s hacmalum and aqueous 
eonis, Weigert’s ha3matoxylin and van Gieson, and other methods 
as necessary. Frozen sections were stained with Sudan III and 
hrematoxylin. 

The changes observed in the fivers of these rats show a considerable 
range of variabifit}’-, both in the severitj’ of individual recognisable 
processes and in their association with one another. It would therefore 
be misleading to describe anj’^ particular picture as characteristic of 
the appearance seen after a stated period. 

In rats which received verj' large doses and died witliin 24 hours 
there is often no gross abnormality in the fiver, apart from congestion. 
"When death is delaj'cd bc 3 ’-ond this period, it is generally clear on 
inspection that the liver is damaged, though the appearances are bj’^ 
no means constant. The fiver may be softer than normal, sometimes 
dark in colom, sometimes pale with a j'ellowish-brown tiege. The 
lobular pattern may be exaggerated bj”^ congestion of the centres of 
lobules, or bj’’ loss of central substance leading to a slight imiform 
dimpling following the lobidar pattern. On the other hand there maj’- 
be obscuration of the pattern associated with swelling and rounding 
of the edges. 

With multiple sub-lethal doses there is also variability between 
exaggeration and obscuration of the pattern in the first place. Later 
the consistency becomes tougher, and the surface develops a finelj"^ 
granular appearance of lobular distribution. The rate at which this 
develops varies, but it was observed in one rat after 5 daj’s. Over 
the period concerned in these experiments, we have found it impossible 
to correlate visible granularity with the extent of portal proliferative 
changes of any type ; it may be absent with considerable portal 
proliferation, or present vdth little. Granularity is generally present, 
however, after a fortnight’s treatment, and subsequent to that there 
may be adhesions to other viscera, probabty the result of local effects 
due to the method of administration of the DIMAB. Ascites has 
occasionally been seen, but never in anj’- considerable amount. 

The weights of these fivers have not varied outside normal limits. 


Histology 

The changes may be divided into those which are essentially 
degenerative and the various types of reparative proliferation which 
ensue. The latter are mainly found, of course, in animals receiving 
multiple doses. 
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Fig. 3. — Liver of rat wliich received 
lard only. Xoto characteristic 
vesricular cells due to presence of 
glycogen, x 150. 



Fig. 4. — D^LVB 450 nig./kg. Animal died after 36 hours. 
Parenchymatous degeneration of liver with fatty 
vacuolation of cells. Chanees most marked in centre 
of lobules. X 1 50. 



Fro. .j. — DMAB 320 mg./kg. Survived 69 hours. Central necrosi-, congestion and 
hydropic degeneration ; parenchj-niatou.s ilegcneration of remainder of lobule 
X .->0. 

All sections stained with hremalum and eosin. 
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amounts of Dj\IAB in single doses were killed and examined, as well 
as animals in the 150-250 mg./kg. range lulled at various times after 
treatment. In general, histological changes were not strildng in 
animals receiving single doses of less than 100 mg./kg., and somewhat 
doubtful under 50 mg./kg. 

Tissues were fixed in 4 per cent, formaldehyde-saline, embedded in 
paraffin wax and sections stained with Harris’s luemalum and aqueous 
eonis, Weigert’s ha;matox3din and van Gicson, and other methods 
as necessarj'. Frozen sections were stained -with Sudan HI and 
ha;matox3din. 

The changes observed in the livers of these rats show a considerable 
range of variabilit3% both in the sevcrit3' of individual recognisable 
processes and in their association with one another. It would therefore 
be misleading to describe an3' particular picture as characteristic of 
the appearance seen after a stated period. 

In rats which received very large doses and died witliin 24 hours 
there is often no gross abnormalit3’- in the liver, apart from congestion. 
When death is dela3’cd bo3'ond this period, it is generall3’’ clear on 
inspection that the liver is damaged, though the appearances are by 
no means constant. The liver may be softer than normal, sometimes 
dark in colour, sometimes pale vith a 3'ellowish-brown tinge. The 
lobular pattern may be exaggerated by congestion of the centres of 
lobules, or by loss of central substance leading to a slight uniform 
dimpling following the lobular pattern. On the other hand there ma3’' 
be obscuration of the pattern associated with swelling and rounding 
of the edges. 

With multiple sub-lethal doses there is also variability between 
exaggeration and obscuration of the pattern in the first place. Later 
the consistency becomes tougher, and the surface develops a finety 
granular appearance of lobular distribution. The rate at which this 
develops varies, but it was observed in one rat after 5 da3's. Over 
the period concerned in these experiments, we have found it impossible 
to correlate visible granularit3’- with the extent of portal proliferative 
changes of any t3q)e : it may bo absent vlth considerable portal 
proliferation, or present vlth little. Granularit3'^ is generally present, 
however, after a fortnight’s treatment, and subsequent to that there 
may be adhesions to other viscera, probably the result of local effects 
due to the method of administration of the DMAB. Ascites has 
occasionally been seen, but never in an3'^ considerable amount. 

The weights of these livers have not varied outside normal limits. 


Histology 

The changes may be divided into those which are essentially 
degenerative and the various t3rpes of reparative proliferation which 
ensue. The latter are mainly found, of course, in animals receiving 
multiple doses. 
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Fig. 3. — Liver of rat which received 
lard only. Xote characteristic 
vesicular cells due to presence of 
glycogen, x 130. 



Fig. 4. — DMAB 430 mg./kg. Animal died after 36 hours. 
Parenchymatous degeneration of hver with fatty 
vacuolation of cells. Clianges most marked in centre 
of lobules. X 1 .30. 



Fig. 5.— DMAB SiO mg.ikg. Sun-ived 69 hours. Centml necrosis, congestion and 
hj-dropie degeneration ; parenchj-matous degeneration of remainder of lobule 

X r>o. 


All section*; stained with hjomnlum and eosm. 
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Parenchymatous degeneration. This is the earliest recognisahle 
change and tends to involve the entire hepatic parenchyma. The 
cytoplasm becomes more deeply stained, and there is loss of the 
characteristic vesicular appearance due to the presence of glycogen 
{c/. figs. 3 and 4). It is often the only change detected in rats which 
die in less than 24 hours. 

Centrohbular degeneration. This may be detectable in the first 
24 hours, but a longer period of survival is generally necessary to 
make it obvious. It may be limited to increased eosinophilia of the 
cytoplasm with shrinkage of the cells. With survival for 24 hours 
there is generally fatty degeneration in the form of fine intracellular 
droplets in the central cells (fig. 4). A day later hydropic degeneration 
may be seen, similar to that described by Cameron and Karunaratne 
(1936) with carbon tetrachloride in the rat (fig. 5). The swollen 
hydropic cells roimd the central vein are surrounded by a zone of 
fatty degeneration. In other instances the predominant central 
change is one of necrosis, with nuclear pyknosis and karyorrhexis, 
which may or may not be associated with some leucocytic infiltration 
or hjemorrhage. We have not seen the empty spaces round the 
central vein which appear to be characteristic of the carbon tetra- 
chloride reaction during the process of removal of the damaged cells ; 
it would appear that cytolysis is a less active process in the case of 

Diffuse degenerative changes. The clear-cut picture of zonal 
degeneration is only seen with large (approaching lethal) doses in the 
acute phases. In the more chronic experiments with multiple doses 
degeneration is not so massive, and the changes which are seen affect 
scattered individual cells throughout the lobule, though still more 
numerous in the internal half. The most obvious histological evidence 
is in the nuclear alterations described below. On occasion, however, 
we have had very extensive damage with great loss of parenchyma, 
approaching the pictrue of so-called acute yellow atrophy (fig. 6). 

Kwpffer cells. During the stage of degeneration these contain 
pigment ; frequently they are large and loaded with it, sometimes 
before any manifest evidence of cell destruction is visible in the sections. 
The pigment is dark brown in colour and consists of fine amorphous 
granules. It does not stain for iron, nor with fat stains, though scanty 
sudanopbil granules may be found along with it in some of the cells. 
The most intense pictures of this sort have been seen in the earliest 
stages, so it appears to be rapidly disposed of ; otherwise it would 
tend to acctunulate in the more protracted experiments. 

Nuclear changes. As mentioned above, pyknosis and karyorrhexis 
are frequently seen in the central cells. At the periphery of the lobule 
there are often hyperchromatic nuclei ; it is difficult to say whether 
these are the expression of damage or of a commencing regenerative 
reaction. In rats which have been treated for 5 days or more, there 
are nearly always scattered pyknotic cells throughout the lobule, the 
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number increasing with tlie duration of the experiment (fig. 7). In 
some of tliese the nucleus is fragmented. Tliere are also cells which 
are devoid of nuclei. After about a week there are usuall}’^ marked 
variations in nuclear size, as well ns cellular anisocjdosis ; many 
giant nuclei are seen, quite outside normal limits : it is, however, 
difficult to decide whether these changes are to bo interpreted as 
degenerative or reparative. jMiloses have been seen, but thej' are 
surprisingljr infrequent in this material. 

Inflavimatory changes. There may be slight inflammatorj" in- 
filtration in association with central degeneration and cspcciallj’^ with 
necrosis. In the multiple dose experiments, the liver parcnchjTna 
becomes diffuselj’’ infiltrated with scattered round cells having the 
morphology and staining properties of IjTuphocjdes, but of distinctly 
larger average size (fig. 7 ). Lcucoc\*tic and l3’mphoc3’tic infiltration 
ma3’^ be found in the portal s3'stcms after multiple doses, and often 
accompanies the portal reparative processes. 

Focal necroses. These have occn.sionall3' been seen, but the evidence 
suggests that thc3' are of infective origin and not due to the 
experimental treatment. 

Eegeneration after a single dose. In animals which survived a 
single dose for a week or more, regeneration of the liver substance 
and structure appears to be complete, and there are no detectable 
histological abnormalities. There is no abnonnal proliferation. 

Eeparative proliferation in the portal systems. Such changes have 
onl3' been seen in the multiple dose experiments. Tlie bile ducts 
or the connective tissue ma3’^ be implicated (figs. 8-10). There is no 
obvious correlation ; sometimes marked bile duct proliferation is 
accompanied by but little activity of mesench3unal elements. The 
proliferating bile ducts do not all remain confined to the portal system 
itself, but infiltrate between the columns of parench3Tnnl cells in 
the periphery of the lobules (fig. 9 ). In general, ^^3"^ show well 
developed lumina lined by cuboidal epithelium and resemble more 
closely the normal bile ducts than do the structures seen in an average 
specimen of human multilobular cirrhosis or subacute necrosis. The 
connective tissue reaction may take the form of lustioc3d;ic proliferation, 
sometimes with fibroblastic forms, or complexes of new-formed 
capillary vessels the walls of which consist of double rows of endo- 
thelium, with or ivithout lumina. The relative amounts of histioc3’tic 
and vascular proliferation vary from animal to animal, and either of 
them may appear in almost pure form. The process spreads out from 
the portal system into the periphery of the lobule, and at a later 
stage outgrowths from different portal systems may meet and divide 
parts of the liver into unilobular segments. There is very little laying 
down of collagen in the stages covered by these experiments. The 
invasion of the periphery of the lobule often results in the cutting 
off of small islets, or even single cells, of parenchyma, and we believe 
that the regeneration nodules of liver cells develop from such 
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'lo. 7. — DMAB 150 mg./kg. twice a week. 
Survived IS days. Inflammatory infiltra- 
tion of portal sj'stems and parenchj-ma. 
Note anisocjdosis of parenchj-ma, nuclear 
pyknosis and karyorrhexis, and round-celled 
infiltration. X ISO. 
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Fig. S. — DMAB 100 mg./kg. 3 times a week. 
Sulwived 19 days. Periportal proliferation, 
mainly histiocytic and Ij-mphocytic. Marked 
cellular variation in surviving parenchyma. 
x50. 
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sequestrates (fig. 10). l^ot infrequently the portal proliferation is 
accompanied by inflammatory cells — ^polymorphs and lymphocytes 
•which may sometimes represent the dominant component. 

Begeneration of parenchyma. It has already been mentioned that 
after multiple doses changes are found in the parenchyma -which 
cannot -with certainty be ascribed to degeneration on the one hand 
or regeneration on the other. Possibly they are the result of attempted 
regeneration in the continued presence of the toxic agent. Such 
changes include anisocytosis, variation in nuclear size and nuclear 
hyperchromatism. Some of the nuclei are of very large size and 
irregular shape. Most of the cells contain glycogen, lilitoses are 
infrequent, "which is rather surprising in •vie'W of the rapidity with 
which the parenchyma is being replaced. After about a fortnight’s 
treatment, loss of lobular architecture begins to become evident. 
This appears to happen in two ways. Pirst, there is disorganisation 
of the intralobular architecture of indi-vddual lobules due to the cellular 
anisocytosis and to failure to reproduce the characteristic radial 
arrangement of the columns of hepatic cells. Second, there is the 
development of regeneration nodules from the sequestra'ted cells at 
the periphery of the lobules, the subsequent gro-wth of which is 
responsible for the profoimd general loss of architecture and for the 
coarse granularity when the later cirrhotic stage is reached (figs. 11 
and 12). 

Discussion 

The present results seem -to leave no reasonable doubt that the 
primary action of D MAE on the liver of the rat is one of damage. 
The dosage can be adjusted so that there is incontrovertible evidence 
of hepatic degeneration and necrosis. Examina-tion of other organs 
has failed to reveal any lesion likely 'to be lethal in these animals. 
The only lesion significant in this respect has been parenchymatous 
degeneration of the kidneys, but this has not been sufficient to produce 
death and in the multiple dose experiments it has sho'wn no tendency 
to become progressive. Eurtheimore, some of the changes elicited 
■with relative rapidity in the present experiments are similar to those 
we have seen, at a somewhat later date, in feeding experiments in 
which liver cancer was subsequently obtained in a high percentage 
of the rats (Orr, 1940). We refer particularly to the diffuse cellular 
and nuclear changes in the parenchyma. It is probable that in the 
present experiments the rate of dosage was always somewhat higher 
than in the feeding experiments, though not greatly so in some of the 
animals. We estimate that in the feeding experiments the average 
rate of consumption of DMAB was 30-45 mg./kg. per day. Direct 
cytological studies by Opie (1946) have also indicated the infliction 
of early damage on liver cells by DMAB as sho-wn by chromatolysis of 
cytoplasmic struct-ures containing ribonucleic acid. 

Carcinoma of the liver has now been induced by a considerable 
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number of substances, tliough those cfiective in the rat are not 
necessarily so in the mouse, and vice versa. Many of them are 
chemically related to Di\IAB, but there arc also unrelated substances 
such as carbon tetrachlorido (in the mouse), chloroform (mouse) and 
2-acet3daminofluorene (rat and mouse). With all of these substances 
there is e^^denco of damage to the hepatic parenchjuna. Cameron 
and Karimaratnc (193G) studied in detail the cfiects of carbon tetra- 
chloride on the rat’s liver. They showed that 24 hours after a single 
dose of O'Oo-O-l ml. there are well-marked degenerative changes in 
the centres of the lobules (very similar to our fig. G), followed in the 
next few days by autolj'sis of the damaged cells, mitotic activit}’- of 
the surn\'ing liver cells, cellular infiltration of the portal S3'stems 
and a return to normal within a fortnight. With repeated doses, 
fibrosis develops at the centres of the lobules and in the portal sj'stems, 
and ultimatel}’- the elassical picture of multilobular cirrhosis is produced. 
The principal differences between this reaction and that following 
DMAS are (ij the absence in the fatter of visible C3^ol3'sis, (u) the much 
slower appearance of collagenous scar tissue and (iii) the appearance 
of malignant tumours. Qualitntivcl3- the reaction is the same ; the 
differences appear to depend on quantitative differences in the speed 
of various factors. So far ns we have been able to discover, carcinoma 
of the liver has not liitherto been induced M-ith carbon tetrachloride 
in the rat, but Edwards and Dalton (1942-43) produced hepatomas 
in 88 per cent, of 2G3 mice of various strains with this agent. 
Eschenbrenner and Miller (1945-46) confirmed this result, found that 
the course of necrosis and repair in the mou^o showed no appreciable 
species difference as compared ivith the findings of Cameron and 
Karunaratne for the rat, and came to tho conclusion that in all 
probability the amount of carbon tetrachloride neccssar3' for the 
induction of liver tumours in the mouse is not necessarily that required 
for repeated liver necrosis. Eschenbrenner (1943-44) found that the 
carcinogenic and nccrotising effects of chloroform were similar to 
those of carbon tetrachloride (in female mice ; the males died as a 
result of kidney damage b3’’ this agent). 

It is sometimes misleading to appl3’- the results vuth one species 
to the interpretation of those with another, but in view of the 
qualitative resemblances between the acute reactions of the rat to 
carbon tetrachloride and DSIAB, it is difficult to avoid the impression 
that the mechanism of carcinogenesis in the mouse by carbon tetra- 
chloride is related to that in the rat b3’^ DSIAB, DMAS as a carcinogen 
has very little activit3’- in mice (Andervont and Edwards, 1942-43), 
so that in respect of relative potenc3’- for species it is the reverse of 
carbon tetrachloride. The problems created by such apparent contra- 
dictions become less baffling if the evolution of the tumour is regarded 
as the result of regeneration of damaged tissue in the persistent 
presence of the toxic agent. The fact that cancer can be induced b3’' 
dosages lower than those required to evoke histologicalty visible 
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Fig. y. — DMAB .'lO mg./kg. 6 timers a week. Survived 32 days. Periportal proliferation, 
mainly of bile ducts, which infiltrate the receding parench 3 Tna. x 100. 



Fio. 10. — DMAB oO mg./kg. 6 times a week. Sur\-ived 34 daj-s. Extensive periportal 
proliferation, mainh- vascular and inflammatory. Xote the cutting off of small 
islets of parenchjTna b\' tho advancing granulation tissue. X 100. 
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necrosis may only mean that the available methods for the 
demonstration of the latter are not delicate enough. 


Summary 

The toxicity of jp-dimethylaminoazobenzene for the rat has been 
investigated. Intraperitoneal injection of amounts exceeding 250 mg./ 
kg. body [weight is lethal in less than 3 days ; when the dose is less 
than 150 mg./kg. the animals survive ; with intermediate amoimts 
a proportion of the rats die. After intraperitoneal injection of 
150 mg./kg. in lard, over 95 per cent, of the drug is absorbed in 
24 hours. Animals which survived single doses for more than 4 days, 
with one exception, did not die as a result of the experiment. Multiple 
doses of 100 mg./kg. three times a week or of 50 mg./kg. six times a 
week may be administered with siuwival of some of the animals for 
38 days and over. 

The toxic effects appear to be attributable to liver damage. With 
large doses degenerative changes are most marked at the centres 
of lobules ; with smaller doses or with suitable multiple doses the 
degenerative changes are more diffuse and less intense. They are 
followed by reparative proliferation of the hepatic parenchyma, 
bile ducts and connective tissue. The histological course of these 
lesions is described. 
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CAM3^ BETA HEMOLYTIC STREPTOCOCCI 

Naitcx Laughtoi? 

Bacicriology Departjnent, University of Birmingham’ 

EvtdeihCE that strains of beta bjeinol 3 ?tic streptococci may cause 
disease in dogs has been brought forward by Stafseth, Thompson 
and Jieu (1937), Hare and Fry (1938), Stableforth (1938), ilinett and 
Ellis (1940) and Hare (1946). Experimental infection has not, however, 
been produced in dogs ; indeed only one attempt to do this has been 
recorded (Stafseth, 1940). 

The frequency with which beta hsemolytic streptococci can be 
isolated from apparently normal dogs has been pointed out by Pilot 
ef al. (1936) and Garside (personal communication). This suggests 
that not all strains of beta haemolytic streptococci are pathogenic 
for dogs. Of 130 canine strains which were examined culturally and 
serologically in the present investigation, 44 were obtained from 60 
apparently healthy dogs in normal kennels. The others were isolated 
from dogs with clinical signs and symptoms suggestive of streptococcal 
infections, from autopsies of puppies that had died of a neo-natal 
septicEemia, or from contacts of the dogs in the infected kennels. 

SlETHOnS 

Swabs were taken &ojn tbe nretbra of dogs, the vagina of bitches and the 
tonsils of both sexes, but it was found that these swabs were valueless unless 
particular care was taken to exclude contaminating organisms. Three per cent, 
lysol was usually satisfactory for cleaning the vulva without having to clip the 
hair from the part. As a rule, cultures were made proihptly on 5 per cent, 
horse-blood agar, although it was foEmd that streptococci remained viable for 
at least 24 hours on swabs sent through the post. Tests for soluble hjemolysin 
were carried out by the method of Hare and Colebrook (1934), but the re^ts 
were read at various times up to 4 hours. Polysaccharide extracts for grouping 
were made by Laneefield’s (1933) or PuHer’s (1938) method. The presence of 
group precipitin was detected by layering the extracts on the specific group 
antisera in capillary tubes. 

Heavy suspensions of heat-kfiied cocci were inoculated into rabbits for the 
production of antisera. To prepare group-JI antisera prolonged immunisation 
was needed. Type precipitins invariably appeared before groTip precipitins, 
but finally 5 reasonably reliable sera were made for this group, one serum with 
SHC 194, a strain supplied by Dr R. M. Fry, and the remainder with 4 strains 
of the present series. After absorption the same sera were used to type the 
strains within group M by the slide-agglutination method of Griffith (1927, 
1934). A number of strains within groups G, L and M were tested for their 
biochemical activities on the lines indicated by previous workers. 
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Observations 
Cultural characters 

Three main cultural types tverc recognisable on blood agar and 
chocolate agar. These vcre common to strains of all 3 serological 
groups of the present series. The first tj-pe of colony was smooth, 
opaque and homogenous — the t3rpical “ glossy' ” colony' ; the second 
was a “ matt ” colony', semi-transparent or translucent, with a vari- 
able surface, contour and margin ; the third had a glossy centre and 
a matt periphery', wnth an appearance rather like that of a poached 
egg. On subculture from each of the two zones, it was possible to 
produce a colony' in which one or other zone predominated. Some 
individual strains yielded more than one ty'pe of colony*. The distribu- 
tion of these cultural types among 59 strains is shown in table I. 

Tabix I 


Distribution of colonial types among 59 strains of hccmohjtic 
streptococci of groups G, L and M 


Group 

No of rtmlnt 

ClO'^y 

Mntt 

Mixed 

G 

8 

0 

17 

L 

3 

2 

7 


4 

G 

12 


The only two “ R ” variants showed large, flat, translucent, 
granular colonies with a very irregular edge ; both belonged to 
group M. “ Watery ” or “ pseudo-glossy ” colonies were not observed. 
The colonies of 16 strains, 13 of wliich belonged to group G, were of 
the coherent variety ; other colonies could be broken up easUy or 
were “ mushy ” in consistency. On the whole, the number of strains 
producing glossy colonies increased in the chocolate agar medium. 

Ecemdlysis 

All strains showed beta hcemolysis on primary isolation on plates 
under aerobic conditions, except one group-G strain from the milk 
of a Corgi bitch, which had been treated for mastitis with sulphonamides 
and penicillin. This strain showed typical alpha hcemolysis on first 
isolation but gave beta hmmolysis under anaerobic cultivation ; it 
also yielded soluble hiemolysin. 

The ratio, haemolytic zone : colony diameter, was greatest with 
the group-M strains, with some of which it was as much as 16 to 1. 
Colony size ranged from pin-point size (3 strains) to a diameter of 
1 mm., except for the two rough strains, which reached a diameter 
of 2 mm. 
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The results of the tests for soluble hEemolysiu -with 118 of the 
130 strains are shown in table II. In some, particularly in group-M 
strains, the hemolysin was weak and acted slowly. 


TABtE H 

Number of strains with soluble hcctnolysin among 118 strains of 
canine streptococci of groups G, L and M 


Group 

Xo. of strains tested for soluMc hremolysln 

Positive 

Xegative 

Total 

G 

45 

IS 

58 

L 

1 

11 

12 

M 

26 

, 

22 

48 


The rough variant of one group-M strain produced soluble hsemo- 
lysin and its glossy variant did not. 


Growth in broth 

Most of the strains grew well in glucose broth and produced a 
deposit with a clear supernatant fluid. With most, the deposit was 
flocculent, but with some it was granular. A few group-M strains 
produced a uniformly turbid growth. 


Biochemical activities 

Group G. Among 24 strains examined the final of glucose- 
broth cultures ranged from 4-5 to 4-9. Most strains fermented lactose, 
sucrose, maltose, salicin and trehalose, although eight failed to ferment 
trehalose. With seven exceptions they did not ferment sorhitol, and 
eight failed to hydrolyse sodium hippurate. None attacked glycerol, 
inulin, raffinose or mannitol. 

Group L. Only six strains were examined. All fermented lactose, 
sucrose, salicin, maltose and trehalose. Their action on sorbitol and 
glycerol was variable. All failed to hydrolyse sodium hippurate. 
The final pH in glucose-broth cultures ranged from 4-7 to 5-2. 

Group M. The 28 strains examined included the seven type 
strains kindly supplied by Dr R. M. Fry. They fermented lactose, 
saccharose, maltose, and, with three exceptions, trehalose. Their 
action on salicin and glycerol was variable. All failed to ferment 
sorbitol and to hydrolyse sodium hippurate. The final pH in elucose- 
oroth cultures ranged from 4-6 to 6-9. 
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Serology 

Oroiiping. It wns found possible to group 118 of the 130 strains. 
Four strains did not react with any of the grouping sera, and eight 
of those collected early in the work died in culture before the antisera 
were available. From the anomalous results shown in table III it is 

Tablu in 


Anomnlous results with precipitin tests of group-M streptococci 


to strains 

Kxtmcts from strains 

30 

■ 

00 

r .0 

sue 

.SHC 

SHC 


sue 

205 

SZIC 

252 

Row 

30 

-f 

■ 

_ 

-U 


_ 



-i- 

-f 


CO 


+ 

-t- 

■f* 

— 

— 

— 

4 - 


+ 

+ 

C5 


+ 

+ 

+ 

-f 

4- 

— 

“f 


-f- 

4- 

CO 



-h 

•r 

— 

— 

-i- 

4- 

4- 

4 - 

— 

SHC 104 

Hi 


-i- 

+ 

•V 


-f 

+ 

4- 


4- 


obvious that a range of group antisera must bo available in order to 
group all strains wthin group i\L It is probable that optimal conditions 
are needed for a positive result when the extract and the group anti- 
serum are brought together in a ring test, otherwise false negatives 
will bo recorded. A range of extract dilutions was tried in negative 
tests, but this did not increase the number of positive results. Similar 
trouble was experienced with a number of group-G strains. Frj^’s 
observation, quoted by Wilson and Miles (194C), that formamide 
extraction destroys the specific polj'saccharide of group-M strains 
was confirmed. 

Typing of group-M strains. Agglutinin for strain 55 was com- 
pletely removed from the scrum of strain SHC 194 by absorption 
with strain 55, but the absorbed serum still gave a clear-cut positive 
slide-agglutination test with SHC 194. A siniilar result was obtained 
by absorbing the serum against strain 55 Avith SHC 194. With these 
two absorbed sera as typing sera, two serological tyqpes were 
distingmshed among group-M strains. Type 1 is represented by 
SHC 194 and five of the other group-M strains supplied by Dr R. M. 
Fry, together with six strains isolated during this work. Nine other 
strains isolated during the present investigation, including strain 55, 
belong to type 2. 

For these tests the strains were grown in 5 per cent, serum broth 
and were used within 24 hours ; older suspensions were sometimes 
found to give false positive results. Several strains failed to provide 
suspensions stable enough for the test, even when grown in tryq)sinised 
broth. Three strains could not be t 3 q)ed because they gave negative 
results with both type sera. They may represent an additional tyqie 
or types, or they may lack a type-specific antigen. Dr Fry’s strain 
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SHC 220 gave a doubtful positive reaction at a titre of 1 in 8 vrith 
crude sera, 'wbicb invalidated negative results vith the tvro type 
sera in a dilution of 1 in 12. 

Distribution of strains 

Kennels witb clinical cases of infection yielded 54 strains of group G 
(12 from contacts vdthout evidence of infection), 12 of group L and 
11 of group M. The distribution of the various groups among dogs 
in uninfected kennels is shown in table IV . 

TabIiE IV 


Incidence and distribution of hcEmolytic streptococci of groups G, L and 3£ 
among dogs in uninfected kennels 


Kennel 

Xo. of <lo?3 


1 

Groops j 


G 

L 

M 



1 

6 

5 

1 

0 

4 

2 

5 

3 

0 

0 

3 

3 

4 

3 

0 

0 

3 

4 

10 

6 

1 

0 

5 

5 

6 

6 

0 

0 

6 

6 

9 

7 

0 

0 

7 


16 

11 

1 

0 


8 

6 

3 

2 

0 

1 

Total . 

62 

44 

5 

0 

39 


Neonatal deaths 

Of 13 puppies that died soon after birth, nine gave group-G strains 
and 4 gave group-L strains. Unfortunately it was not always possible 
to obtain material from both puppies and bitch. In six cases where 
material from both was examined, strains of the same group were 
isolated from the vagina of the bitch, and sometimes from her tonsils, 
and from the heart blood and internal organs of the puppies. 

Discussiok 

The findings confirm the prevalence of beta, hnmolytic streptococci 
among both healthy and clinically infected dogs. The incidence of 
hEemolytic streptococci in this series of normal dogs in uninfected 
kennels was 70 per cent, (table IV) ; but with very few exceptions 
these strains belonged to group M. Only five healthy dogs among 
the 44 with hsemoljdic streptococci in these kennels were carriers of 
group-G strains. Strains isolated from cases of disease, on 

the other hand, belonged to groups G and L, with group-G strains 
predommating ; and a small number of apparently healthy contacts 
in the infected kennels were foimd to he carrying group-G strains. 
It is probable, therefore, that group-M strains are without pathological 
significance, because in this work a group-M strain was never found 
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alone in a clinical case of disease. If this is true, there is an obvious 
advantage in grouping canine strains, particularly if the veterinary 
surgeon desires to deal with whelping troubles by applying prophylactic 
or therapeutic measures (drugs or vaccines), or to eradicate the 
carrier state in any dog. Tlie distinction between the different strains 
can only bo made serologically, as their biochemical activities are 
not sufficiently distinctive to separate them. 


Summahy 

1. One-hundred-and-tliirty canine strains of beta hccmolytic 
streptococci were investigated culturally and serologically ; 58 were 
examined biochemically. The streptococci were isolated from cases 
of presumed streptococcal infection and their contacts and from 
normal dogs in kennels where there had been no infection. 

2. The prevalence of beta ha3molji;ic streptococci among dogs 
was confirmed b}^ their isolation from 70 per cent, of healthy dogs 
in uninfected kennels. Among these strains 39 of 44 belonged to 
group M, and it is suggested that these arc of no pathological 
significance. The strains within this group were found to belong to 
at least two serological types by agglutinin-absorption tests. 

3. The strains isolated from clinical cases of disease and from a 
small number of contact carriers belonged to groups G and L, 54 
strains being in group G and 12 in group L. 

4. It is considered that, in view of the prevalence of beta htemolytic 
streptococci in dogs generally, grouping is an important prelude to 
effective prophylaxis and therapy in canine streptococcal infections. 

I wish to thank Dr R. JI. Fry, Dr P. JI. F. Shattock, Dr A. W. Sfablofortli 
and Mr J. S. Garsido for stock cultures and sera and for liolpful advice, JlrE. 
Woissberg, who helped to supply much of the material, and Miss V. Cracknell 
and Miss E. Murdoch for valuable technical assistance. 
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IDIOPATHIC (“ISOLATED”) IMYOCADDITIS 
IH LNH'ANCY 

C. IIai:btjb::s 

From the Emergency Medical Services Laboratory, Chase Farm Hospital, 
and the Central Histological Laboratory, London County Council 

(Plate LXXXIV) 

“ Isolated ” myocarditis was originaily described as acute iuteTstitial 
myocarditis by Piedler (1899, cited by Sikl, 1935-36) and tbe heart 
lesion in his cases was studied by Schmorl (cited by Sikl). The 
condition has received some attention in the American literature but 
practically none in the British. It is a special, non-specific lesion 
characterised clini cally by progressive myocardial failure, often 
terminating in sudden death, and at autopsy by cardiac enlargement 
and the fi'equent presence of mural thrombi. There are two histo- 
logical types, (1) a focal granulomatous lesion which must be carefully 
distinguished from an atypical rheumatic or pyaemic effect, and (2) 
a diffuse form, characterised by cellular infiltration, myonecrosis and 
the occasional formation of muscle giant cells, of which an eosinophilic 
variety is an xmnecessary subdivision. 

Tl^ paper is concerned with an example of the diffuse form, 
of which Saphir (1941) fists 15 in a review of 240 cases of myocarditis. 
It is very imcommon in children. Smith and Stephens (1938) record 
two cases aged 10 and 13 months. Singer (1932) two aged 6 and 13 
months, in the yoxmger of which diphtheria was not entirely excluded, 
Maslow and Lederer (1933) one aged 21 months and Lindberg (1938) 
one of 11 months which, however, followed pertussis. 

Case report 

Clinical summary. A male child, the seventh oEEspring of healthy parents. 
Siblings well. Birth weight 6 lb. 6 oz. Breeist-fed for 8 months and then put 
on a mixed diet. Circumcision at 8 months was followed by hEemorrhage but 
this was not sufficient to cause anxiety. At the age of 10 months vomiting and 
dyspnoea commenced and the infant was admitted to hospital. The temperature 
was normal, pulse 130 and respirations rapid — ^up to 60 per minute. Cyanotic 
attacks were relieved by oxygen but eventually cyanosis was evident at all 
tmes and death occurred at the end of the 11th month, Xo other physical 
signs were observed but radiologically the heart was shown to be enlarged. 

Laboratory investigations. Throat swabs yielded Str. viridans and N. 
catarrhalis. Two blood counts were made. The first, 24 days before death, 
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showed Hb. CO per cent., red cells 3*3 million, colour index 0-7C, loucocj’tcs 
12,350. DifTerentinl count : polymorphs 40, small lymphocytes 29, largo 
lymphocytes 24, and monocytes 1 per cent. The second, four days before 
death showed Hb. 50 per cent., rod colls 3-35 million, colour index 0-74, loucocjdes 
13,150. Dificrontial count : poljmorphs GO, eosinophils 1, small lymphocjdes 
10, largo lymphocytes 20 and monocytes 3 per cent, 

Aiilopsy. The positive findings may be summarised as cardiac 
enlargement •with venous congestion of lungs and liver and, to a 
lesser degree, of the other organs. The pericardium contained 3 ml. 
of clear fluid. The heart as a whole was enlarged, weighing 83 g., 
and, in situ, the right side was greatl}' di.stended. All the valve cusps 
were normal and the foramen ovale and ductus arteriosus were closed. 
The external and cut surfaces of the myocardium were pinkish-brovTi, 
^nth a lighter pattern of yellow streaks superimposed in an irregular 
manner upon the ventricles. Both ventricles were hj-pertrophied, the 
right to a maximum thickness of 2-5 mm., while the left varied from 
7 mm. at the base to 5 mm. at the apex. At the apex of the left 
ventricle there was a fragment of ante-mortem mural thrombus 
overlying an area of mj’onecrosis and early fibrosis. The coronar}' 
arteries were normal. A careful but fruitless search was made for 
an^" possible focus of infection. 

Portions for histologj’^ were taken from both ventricles, both 
auricles, the inteiwentricular septum, including several segments of 
the anterior descending branch of the loft coronarj’ artery, the aorta 
and pulmonarj' artery and the following viscera : brain, lung, 
alimentary tract, liver, spleen, kidne3’-, Ij-mphoid tissue, marrow, 
adrenal, pancreas and pituitary. Sections were stained -with hcoma- 
toxylin and cosin, iron hmmatoxj’lin and van Gieson, phosphotungstic 
acid - hajmatoxj'lin and Wilder’s reticulin impregnation, and bj’’ 
Sudan III for fat. 

Histology. The heart alone requires detailed description. The 
other organs show onlj' congestion and cedema. The lesion in the 
myocardium is an interstitial cellular infiltration (fig. 1), predominant!}' 
lymphocytic but including plasma cells, histiocytes and a few poly- 
morphs in and near the areas of myonecrosis. The cells appear singly 
and in small groups in intimate relation to the capillaries and where 
the lesion is more pronounced they form dense groups, -with interlacing 
strands in which the muscle fibres are distorted and eventually 
destroyed (fig. 2). The muscle fibres in relation to the cellular 
infiltration show progressive stages of dissolution ; loss of transverse 
striation, gradual disappearance of the central myoglial fibrils and 
finally complete lysis, lea-ving a pallid nucleus surrounded by 
inflammatory colls. The muscle fibres not in close relation to the 
areas of infiltration show no signs of degeneration and in this respect 
the lesion differs from that of the myocarditis associated -with 
Friedreich’s ataxia (Russell, 1946). The process is most marked in 
the left ventricle, including the interventricular septum, but the whole 
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Idiopatuic myocakditis 



Fir.. 1. — ApoK of left ventricle 
showing interstitial cellular 
infiltration and myone- 
crosis. Ha'matoxj-lin and 
eosin. X 12.5. 


Fig. 2. — Interventricu- 
lar septum. De- 
generation of muscle 
fibres m cellular areas 
and hypertrophy of 
remamder. Hsema- 
toxyhn and eosm. 
X3S0. 




Fig. 3. — I-eft \entricle 
from a case of astlima. 
Sparse cellular infil- 
tration, hypertrophy 
and fibrosis. Htcma- 
toxy lin and eosm. 
y 1.36 
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fibres in the meshes. Franz stressed the importance of primary 
muscle damage, duo cither to epinephrine or to hj'persensitivity to 
it. I have recently been able to study the heart of an asthmatic 
woman who had been treated with epinephrine. The left ventricle 
was slightly hjTiertrophicd, wth grey lines of fibrosis visible. Histo- 
logicall}' it presents a coarse reticular fibrosis (fig. 3 ) with a sparse 
interstitial scattering of eosinophils, lymphocytes and occasional 
plasma cells. There is no evidence of recent myonecrosis, though the 
woman died in a most acute phase of the disease. 

In the case of the allergic adult it is difficult to assess what is 
due to the condition and what may be due to the treatment, but from 
what we know of the allergic reaction it is reasonable to postulate 
that the lesion develops in connective tissue and affects the parenchj'ma 
of the particular organ secondaril3'. Tho fact of secondary affection 
of the parcnch3nna is clear in the case of m3'ocarditis reported. Tlie 
chronic lesion of the asthmatic heart is equivocal but the experimental 
evidence suggests that epinephrine alone is not a causative agent. 

Virus infection. Helwig and Schmidt ( 1945 ) isolated a \irus from 
a group of anthropoid apes d3dng of interstitial m3'ocarditis and 
reproduced tho disease in mice. In a further paper (Schmidt, 1948 ) 
the properties of the \nrus are described. It produces myocarditis 
and encephalitis in mice and hamsters and m3'ocarditis in guinea-pigs. 
The heart lesion varied from slight perivascular l3'mphoc3’tic aggregates 
to advanced m3*onccrosis and polymorph infiltration. The agent was 
potent and specific b3’’ the intravenous, intrapcritoncal, subcutaneous, 
intracranial and intranasal routes. The lesion closel3’- resembles that 
of non-specific (idiopathic) myocarditis, but neutralisation tests on 
human contacts suggested that this particular virus was probabty 
non-pathogenic to man and so far there are no clinical data to indicate 
the existence of human infectious m3mcarditis. 

So far all attempts at explanation have led to the introduction 
of further unltno^Ti quantities and until a now approach to the subject 
can be developed by tho study of many hearts with a careful clinical 
correlation it is reasonable to regard tho condition as a special 
connective tissue response to an agent not neccssaril3’’ organic. This 
variety of myocarditis would thus be brought into line with P0I3'- 
arteritis nodosa, and in tins connection it ma3’- be mentioned that 
polyarteritis nodosa affecting small vessels closety resembles an acute 
interstitial inflammation. Variations in the histology are determined 
by the size of the vessels involved and the relative proportions of 
parenchymatous tissue and stroma. The interstitial cells of myocarditis 
may well be derived in situ from undifferentiated mesench3me. 


Summary 

myocarditis of unknown tetiology and uncomplicated 
■ r is described. Apart from the rarity of the 
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condition in infants it is of interest in that it can be studied -nithout 
having to take into consideration the many ailments that beset 
advancing age. The distribution of the lesion is noted in some detail 
and it is suggested that the condition is a true interstitial myocarditis 
determined by an unknown stimulus affecting the capillaries and 
connective tissues of the heart. 

I am indebted to Dr R. V. Dent for the clinical notes, to Dr A. B. Bratton 
for helpful criticism and to Jlr G. W. Moore for the photomicrographs. 
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liposaecojMA arising in a simple LIPOSIA 

C. J. E. Wright 

Department of Pathology and Bacteriology, University of Leeds 

(Prates LXXXV-LXXXVH) 

I.Tp mTA is a coroinoii, liposarcoma a relatively rare txmioiir. Malignancy 
arising in a pre-existing simple lipoma is a great rarity, of ■whicli tlie 
case here reported is a pairticularly fine example. 


Case report 
Clinical history 

The patient, a voman aged 69, complained of a massive swelling on the 
inner aspect of the left thigh. There had never been any pain and the only 
reason why she wanted it removed was on account of its large size and awkward 
position rendering defecation and micturition difficult. About 7 or 8 years 
ago she first noticed the swelling, which gradually increased in size. Her doctor 
dismissed it as a “ fatty tumour A year or two before its appearance she had 
been involved in a motor-cycle accident, and to this she attributed the tumour. 
There was no serious injury, the upper outer part of her left thigh merely sustain- 
ing a “ knock". She had always had fat thighs, and after a time the tumour 
stopped growing and she ceased to notice it. During the last few months, 
however, the tumour had again increased in size and had become a nuisance. 
The patient felt well generally. 

Physical examination revealed a large swelling on the medial aspect of the 
left thigh, extending upwards as far as the pubis and down nearly to the knee. 
The surface was irregular and felt shotty anteriorly, but was smoother, harder 
and more sharply defined posteriorly. The overlying skin was slightly reddened 
and warm, and showed veins coursing over the surface. The tumour was 
attached to the adductor muscles and was rendered immobile and more easily 
defined by contraction of these muscles, being freely movable when they were 
relaxed. 

X-ray examination of the left thigh showed a large soft-tissue sweUing 
which appeared to have a capsule of fat, this tissue being radiolucent. 
Amorphous calcareous deposits were present, and the tumour appeared to be 
quite separate from the bone. 

At operation on 12tb Pebruary 1948 the tumour, which was removed bv 
Mr George Armitage, was enucleated from the midst of the adductor group of 
muscles. It extended backwards to the ischiorectal fossa. The anterior part 
appeared to be lipomatous, but the posterior part was regarded as imdoubtedlv 
malignant. 

At the time of writing, nine months after operation, the patient is in good 
health, with no sign of recurrence. 

J. TITH, 11 ACT . — \<yu l.’X 
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Morbid anatomy 

This large tumour, -weighing G lb,, consisted of two main portions 
each some 5 or C in. in diameter and united by a thick fibro-fatty 
band. One tumour was grossly lobulatcd, well encapsulated, yellow 
and translucent — a tj'pical benign lipoma ,' the otlier was firmer, whiter 
and more opaque in its non-necrotic portion, roughly spherical and 
onlj’- slightly nodular. The surface of this portion was rather shagg}- 
in places, duo to attached fibrous tissue and muscle wliich had been 
removed with the growth. Several fairly large lobules of adipose 
tissue were also attached. The colour was greyish white, with scattered 
dark-coloured areas. The tumour had penetrated the capsule in a 
few places, forming button-like outgrou-ths. The band connecting 
the tAvo main masses was composed of simple adipose tissue and fibrous 
bands. On section (fig. 1) the lobulatcd tumour vras homogeneous 
and yellow throughout — a typical benign lipoma. The other part 
of the tumour had an obviousty mahgnant appearance on section, 
consisting of dense wliitc opaque growth, with raj'xoid and haemorrhagic 
areas and scattered cavities filled -with fibrin and blood clot. The 
tumour was enclosed Avithin a capsule of A'nr^nng thickness which 
contained many tiny foci of calcification. 


Histology 

The simple lipomatous portion of the tumour, the adipose tissue 
in the connecting band and the lobules attached to the peripherj- 
of the malignant portion are formed of mature fat cells and show no 
sign of malignancy. The malignant portion of the tumour is 
sarcomatous, vrith extensive cellular areas of undifferentiated round 
and spindle cells (figs. 2-4), scattered myxoid areas (fig. 6) and areas 
of necrosis ; fibrin and blood clot are present in largo amount. For 
the most part the round and spindle cells have granular cytoplasm, 
but many of them show A-acuolation (fig. 2), from tiny vacuoles, single 
or more often multiple, to large single A'acuoles gfring the cell a 
signet-ring appearance (figs. 3 and 4). Some of the latter have the 
appearance of mature fat cells, but the majority have large, hyper- 
chromatic and often bizarre nuclei (fig. 4). Occasional cells show 
multiple large vacuoles (fig. 3). The nuclei Amry greatly in size and 
shape and mitotic figvu-es are numerous, Avith occasional midtipolar 
types. The vacuolated cells are either separate or arranged in groups 
(fig. 2) ; in some areas these groups are large and numerous. Frozen 
sections stained Avith Scharlach R show that in a large proportion of 
the tumour cells the cytoplasm takes the stain in the form of tiny 
granAiles. The content of the larger vacuoles also takes the fat stain. 
This is most evident in the degenerate areas but also occurs in areas 
where the tumour cells are healthy. A striking feature of the tumour 
is the presence of deeply eosinophilic intra-cytoplasmic globoid bodies 
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LIPOSARGOMA ARISING IN SIMPLE LIPOMA 

(fig. 6), ranging in size np to 10 or 12 y.. Sometimes they appear to 
he situated -srithin the fat vacuoles. The resemblance to hyaline 
droplet degeneration is remarkable. These bodies are particularly 
common in the more degenerate parts, but not invariably. In the 
myxoid areas the relatively sparse spindle and stellate cells are united, 
by fine cytoplasmic, faintly eosinophilic threads. In the more cellular 
areas the matrix is more eosinophilic and sho-ws numerous small 
vacuoles. 

COMSTEKTAnY 

It is well known that while simple lipomas are very common, lipo- 
sarcomas are rare, and authentic examples of liposarcoma developing 
in a pre-existing lipoma are rare indeed. As Willis (1948) states, the 
term “ liposarcoma ” should be restricted to tumours composed of the 
characteristic cell, the lipoblast. The cells forming the malignant 
portion of the tumour here reported were t37pical hpoblasts, the more 
immature forms with granular cytoplasm and early fat vacuoles, the 
older containing large, single or multiple vacuoles, each filled with a 
single droplet of neutral fat. 

Liposarcoma usually occurs in middle-aged people, the sex incidence 
being more or less equal, and is most common in the soft tissues of 
the lower extremity, particularly intra- or intermuscular. On the 
whole, trauma appears to play a minor part in causation. It was 
not recorded in any of the cases reported by Stout (1944), but it has 
been reported by other authors. As regards rate of growth, the 
tumour may grow slowly over a period or growth may be extremely 
rapid. Recurrence and metastasis are the rule in spite of the apparent 
encapsulation of the growth. In the present instance recurrence is 
to be anticipated, in view of the penetration of the capsule and the 
anaplastic nature of the growth. In Geschickter’s (1934) series of 
twelve cases the tumour recurred after excision in all hut one, and 
that case had only been recently observed. Ro case was reported 
“ cured ” . 

It is most probable that the great majority of hpoblastic tumours 
are malignant from the beginning, but cases of malignant change in 
a pre-existing lipoma do occur. How frequently this happens it is 
impossible to say in tumours formed of a mixture of adult fat cells 
and Hpoblasts, since this condition may or may not have existed 
from the beginning. Few cases appear to have been recorded where 
a Mposarcoma was associated with a simple Hpoma as in the case here 
described. The only case which I have been able to find in the 
Hterature bearing any resemblance to the present instance is one 
reported by Stout. Case 21 in his series was a retroperitoneal Hpo- 
sarcoma which was completely surrounded by simple Hpomatous tissue 
The only details given are that the patient was a male aged 86, that 
the tumour was retroperitoneal (above the bladder) and of seven 
months’ duration before diagnosis, its size 8x8 cm. The central 
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malignant portion was of poorly difiercntinted myxoid typo and was 
situated as stated within n larger simple lipoma. 

Schiller (1918) and Katz (1928) aro quoted by Stout, but 
Schillor’s two cases wore a fibrosarcoma and spindle-cell sarcoma 
respectively, each arising in a simple lipoma. Of Katz’s two 
cases, one was a retroperitoneal lipoma of largo size winch was 
removed surgically and, it was thought, complctclj'. It was described 
histologically as a fibrolipoma. Eighteen months later the tumour 
recurred, but there is no mention of further surgical treatment or of 
histological examination. The second case was also retroperitoneal, 
in a woman of 39. At operation a lipoma 18 lb. in weight was 
apparently completely removed. Two years later she had an operation 
for recurrence. No mention is made of the histology of either tumour. 
Tliree j^cars later still the patient was admitted to hospital in a wasted 
condition with a second recurrence, which at operation could not be 
corapletel}' removed. Histologically the tumour was now said to bo a 
liposarcoma. 

Geschickter reported 18 cases of fibrous or embryonic lipoma, 9 of 
which showed one or more recurrences and 4 of these reciurcnt growths 
subsequently imdorwent malignant change. Although liposarcoma 
secondary to benign lipoma is mentioned in Geschicktor’s classification 
of “ lipoid ” tumours, no tj’pical example is reported. 

In Shaw’s (1930) case and in that of Seidelin (1932) a few lobules 
of yellow adipose tissue adhered to the capsule of a liposarcoma. 

Robertson (1916-17) in a survey of 51 cases of “lipoma myxoma- 
todes’’ reported prior to 1910, quotes 2 cases of interest. Walser, 
in 1881, reported a retroperitoneal “ myxoma-lipomatodes ’’, the larger 
portion of which was lipomatous, and Rafin, in 1885, a lipoma becoming 
myxomatous. Both wore stated to bo non-malignant. In the case 
reported by Robertson the tumour showed an area wliich had the 
appearance of adipose tissue to the naked eye, but histologically was 
almost identical with the part containing mucoid fiuid alone. 

Adair, Pack and Farrior (1932) reported a case in which “ after 
ten years of steady growth a lipoma originally benign underwent 
malignant change ’’. The excised tumour, however, showed no sign 
of simple lipomatous tissue and the case is therefore open to doubt. 


SXTMMAKY 

The case described is one of tumour of the thigh, quiescent for 
7 or 8 years and then, recently, increasing in size. On excision 
it was foimd to be a liposarcoma arising in a simple lipoma. A search 
has been made in the literature for comparable examples, and only 
then was the rarity of the condition really appreciated. 

I am indebted to Jlr George Armitage for permission to publish the case 
and to Prof. M. J. Stewart for his interest and advice. 
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DISSEMINATED FOCAL NECROSIS WITH EOSINO- 
PHILIA AND ARTERITIS IN A CASE OF ASTHMA 
(’LOEFFLER’S SYNDROME) 


J. E. Smith 

Bernhard Baron Institute of Pathology, The London Hospital 


(Plates LXXXVm akd LXXXIX) 

In view of recent interest in conditions where asthmatical symptoms 
are associated with eosinophilia and transitory pulmonary lesions, 
and the rarity of post-mortem observations on such cases, it is 
considered justifiable to record a single instance in which at necropsy 
widely disseminated lesions of an unusual type were found. 


Case report 
Clinical history 

In rehruary 1946 a married woman, aged 48 years, with no significant 
previous or family history of illness, developed a cold which was associated 
with a productive cough, pink fi:othy sputum and pain in the left side of the 
chest. iFoliowing this episode her breathing remained asthmatical in type 
and attacks of increased difficulty in breathing associated with blood-streaked 
sputum occurred about once a fortnight. At this time she was treated at home 
by her doctor with the usual remedies for asthma, and with sulphonamides. 
In May 1946 she was admitted to a hospital near her home with an exacerbation 
of symptoms. Her condition was diagnosed as lobar pneumonia and she was 
treated with a sulphonamide drug. There was rapid clinical improvement 
and she was able to go home. Within a few weeks she was readmitted to the 
same hospital with a recurrence of symptoms. On this occasion there was no 
evidence of pulmonary consolidation, and after treatment with antispasmodics 
and penicillin inhalations she again returned home. In July 1946 a further 
relapse occurred and she was admitted to the London Hospital on 30th July, 
On admission she was very cyanosed, pale, clammy and collapsed, with a 
temperature of 99° and slight pitting oedema of the legs. 

Respiratory system. Respirations 48 ; prolongation of expiration ; crepita- 
tions with a few rhonchi heard in all areas. 

Cardiovascular system. Marked venous congestion. Pulse 130, of poor 
volume. There was no other abnormality except that the blood pressure was 
not recordable on admission and there was no subsequent record. 

Clinical investigations 

X-ray rcporta on cJiesl. 6.8.46. “ There is an opacity at the left apex with 
a small cavity in the middle. The rest of the lung fields show faint mottling 
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nncl tho intlividunl opncitioa vnry in size from nbout 1 to 3 mm. They nro most 
numerous in tlio lower Imlf of tho chest," 18.8.4G. “Iso motcrinl change in 
tho npponrnnco of tho chest." 

Blood. Hb, 81 per cent. Leucocytes 17,200 (neutrophils 30, eosinophils 41, 
IjTnphocytos 20, monocj-tes 3 per cent,), Krythrocyto sedimentation rate 
(corrected) 40 mm./l hour. 

Spuhttu, Modornto growih of ha;molytic streptococci on culhuo. No 
tuborclo bacilli found. 

Urine. Cloud of nlbumin on admission ; nono noted on three subsequent 
examinations. 


Clinicol course 

As tho asthma did not respond to ndronnlino she was given “ Cnrdophylin ” 
(nminophyllino) on sovcrnl occasions, with some relief, and nt times morphine, 
ntropino and oxj’gon. Tho eosinophilia in tho blood persisted throughout tho 
illness. Sho improved slightly during tho first few wcclm in hospital and then 
gradually becanio weaker, dying five weeks after admission. Sho had slight 
diarrhoea without blood or mucus in tho lost week. Irregular fever, usually 
between 09 and 100°, persisted throughout tho illness. 


Post-morlcm examination (P.IM. 208/46) 

Summart/. Heart failure : myocarditi-s : diBserainated pulmonary, 
myocardial, splenic and renal lesions. 

Lungs. Numerous groups, up to 1 cm. in diameter, of confluent, 
brownish-yellow nodules throughout the lungs, tvith one round area 
of hmraorrhage, 2 cm. in diameter, like a circular infarct, near one 
of the groups, and a few irregularly shaped granular brown areas of 
consolidation, 2‘5 cm. in diameter, in the left lower lobe. (Edema 
and congestion of the posterior parts of both lungs ; obsolete 
tuberculosis in tho left lower lobe, and a small cavity 1 cm. in diameter 
near the apex of the loft upper lobe. 

Heart. Recent infarct-like areas of yellow necrosis ndth hajmor- 
rhagic borders involved the whole thickness of tho right two-thirds 
of the posterior wall of tho left ventricle and the sub-endocardial half 
of the remainder of tho ventricle. All coronary arteries and their 
visible branches normal. Very numerous greyish-yellow submiliary 
flecks under tho endocardium of tho upper part of the right ventricle 
and sub-epicardial streaks in the apical region of both ventricles. 
Valves normal. Two small portions of ante-mortem thrombus in left 
ventricle. 

Central congestion with paradoxical lobulation of liver. Tv'O Arm 
pink infarcts of spleen. Numerous thin grey vertical streaks and 
subnuliary grey nodules throughout the cortex of both kidneys, 
especially beneath the capsule. 

Weight of organs : heart 297 g., liver 1622 g., kidneys 291 g., 
spleen 170 g., pancreas 106 g., thyroid 9 g., thymus 7 g., ovaries 9 g., 
pituitary 0-8 g,, brain 1100 g., body weight 36-6 kg. 
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Fig. 1. — Section from 

lower lobe of left lung, 
showing a central area 
of necrosis and peri- 
pheral zone of radiating 
spindle cells, multinu- 
cleated giant cells and 
lymphocytes. Hfema- 
toxylm and eosin. x 8 0. 


Fig. 2. — Part of lower 
edge of lesion shown in 
fig. 1. X 230. 




Fig. 3. — Small pulmonarv 
arteriole showing endar- 
teritis. Hart’s elastic 
stain. X 280. 










Fio. 4. — Extensive infiltration of myocardium Fig. 5. — ^Infiltration of mterventncular 
(interventricular septum). Hiematoxylin and septum, showing eosinophil leucocytes, 

eosin. x 80. X 1000. 
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Fig. G._Kidney. Infiltration of inteKtitial tissue with eosinophil leucocytes and 
h.Traorrhago into Bowman’s capsule of one glomerulus. Haimato.xylin and eosin. 
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Microscopical examination 

Portions of lung (left lower lobe, two blocks ; right lower lobe and left upper 
lobe, 2 blocks), heart (left ventricle, two blocks ; interventricular septum and 
right ventricle, two blocks), spleen, liver and kidney were fixed in formol-saline, 
embedded in paraffin and stained with hmmatosylin and eosin, Weigert s iron 
hiematoxylin and van Gieson, Hart’s elastic stain, Gram and Ziehl-Heelsen. 
A selection of slides was also stained with Mallory’s phosphotungstic acid- 
hasmatoxylin. 

The most remarkable features are the eosinophilic infiltration 
and vascular lesions in all the organs examined, and the focal lesions 
in the lungs. No bacteria can be demonstrated in any of the sections. 

Lungs. Throughout both lungs there are irregular areas of necrosis, 
ranging in size from 250 p to 1*2x1 cm., in which the alveolar spaces 
contain large numbers of necrotic eosinophil polymorphonuclear 
leucocytes and some large mononuclear cells ; many also contain 
tangled masses of fibrin filaments. The periphery of these areas is 
densely infiltrated with eosinophils. In some of the smaller necrotic 
foci (400 [I diameter) the eosinophilic infiltration is associated with 
radiating spindle cells, tnultinucleated giant cells with either central 
or peripheral nuclei, lymphocytes and scanty plasma cells (figs. 1 
and 2). Such focal necrotic granulomatous areas are perhaps the most 
significant of the lesions present. In a few areas proliferation of 
fibroblasts in inter-alveolar septa, occasionally extending into alveolar 
spaces, is also seen. Lesions of polyarteritis nodosa type are present 
in sections from the left lower and right lower lobes. Some of these 
are in the acute stage, with eosinophilic infiltration and focal necrosis 
of the walls, writh or without recent thrombi in the small and medium- 
sized arteries. Tibrin deposition in the vessel walls is absent. Slany 
vessels show partial obliteration of the lumen by granulation tissue 
(fig. 3), and in some, this is associated with fibrosis of the wall, indicating 
a late stage of polyarteritis. In sections from the right lower lobe a 
typical area of hsemorrhagic infarction associated with recent 
thrombosis in a medium-sized artery is present. However, the 
frequency of the characteristic areas of necrosis in comparison with 
vascular thrombosis suggests that some at least are not infarcts. The 
submucosa of many bronchi and bronchioles is heavily infiltrated 
’vith eosinophil leucocytes and with fewer plasma cells and lymphocytes . 

Heart. In all areas examined the interstitial tissue of the necrotic 
areas is unevenly stuflfed with degenerating and dead eosinophil 
leucocytes mixed with smaller numbers of round cells of other kinds. 
A simdar inflammatory cellular exudate extends into the adjacent 
living muscle and infiltrates the pericardium and endocardium. In 
aU areas the eosinophil leucocyte predominates (figs. 4 and 5). Stages 
of panarteritis as described in the lungs are present here too, but 
m some of the smaller vessels the whole thickness of the wall is 
impregnated with fibrin. Multinucleated giant cells of the rheumatic 
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lungs) revealed similar nccrotising vascular lesions, diffuse eosinophilic 
infiltration and focal granulomatous areas. They equate the condition 
with Looffler’s s 3 mdrorae. Harkavj'^ (1943) has described a special 
group of cases of bronchial asthma characterised clinically by a 
prolonged course, cosinopliilia and involvement of other organs 
besides the lungs, in particular the serous cavities. At necropsy four 
of these cases displayed arterial lesions as well ns acute and chronic 
inllammatorj' changes in the affected organs. Fugitive pulmonary 
infiltrations had been present during life and were attributed to 
vascular changes or to infiltration of the intcr-nlvcolar septa with 
eosinophils, poljTnorphonuclcars and lymphocjdcs. No focal 
granulomatous lesions were described b}’ him. He postulates that a 
hj’persensitivit}’’ which in the usual ease of asthma is restricted to 
the broncliial mucosa becomes •widespread in these fatal cases, affecting 
vessels in manj' organs. 

It is tempting to assume that cases such as the one here described 
and that described b}' Bajdoy cl al. are a bnk between the benign 
condition described by LoefTlcr and tbe usually fatal polj'arteritis 
nodosa. Such an assumption, however, merety indicates that the 
manifestations of anaphylaxis may bo widespread or locabsed. It 
does not support a thesis that these conditions are all manifestations 
of one disease. 

ScrMJIABY 

A case is recorded wliich clinicallj’’ resembled a protracted Loeliler’s 
sjmdrome and was eventually fatal. At necropsy disseminated lesions 
of an unusual type were found, some being of the poljmrteritis nodosa 
type but ivith additional widespread eosinophilic infiltration and 
necrotic granulomatous areas in the lungs. The significance of the 
case is briefly discussed. 

I am indobt-od ■to Professor D. S. Russell for much help and encouragement 
in the preparation of this paper and to Dr Horace Evans for granting me access 
to the clinical notes. 
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THE KAPPA AND LAjMBDA ANTIGENS OE 
CLOSTRIDIUM WELCHII 

C. L. Oakley, G. BLabeiet Wabeack and SIaeioy E. Waeeek 

The Wellcome Physiological Besearch Laboratories, Beclxnham, Kent 

Aeteb Macfarlane and MacLennan (1945) demonstrated the existence 
in Clostridium wdchii type-A filtrates of a substance, probably a 
coUagenase, capable of softening muscle by destroying its collagen 
andreticulin scaffolding (see also Robb-Smith, 1945), Oakley, Warrack 
and van Heyningen (1946) showed that this substance, which they 
called kappa (k) toxin, was antigenicaUy distinct ftom the a and 6 
toxins and the hyaluronidase produced by Cl. welchii t 3 ^e A, and 
that K toxin and its antitoxin could be titrated with firesh guinea-pig 
muscle, collagen “ paper ” and “ azocoR ” as indicators. The present 
communication deals with some other indicators for k toxin, with its 
distribution among the Cl. welchii types, and with another antigen (A) 
produced by type B and type “ Bosworth ”, which is hereafter called 
type E, 

Iivdicatohs foe kapfa TOXIfr 
1. Swelling on intramuscular injection 

When K-containing Cl. wdchii filtrates in which a and 6 toxins 
have been neutralised by sera without k antitoxin are injected intra- 
muscularly into guinea-pigs or mice, a tense local swelling appears 
in a few hours and persists for about two days. Similar swellings 
were noted by Fredette and Trappier (1946) after intramuscular 
injection of “ non-toxic ” Cl. welchii type-A filtrates into guinea-pigs. 
Cl. wdchii antisera will inhibit the production of these swellings and 
sera can therefore be calibrated against a standard for their sweRing- 
inhibiting power, with slight swelling of the injected limb as the 
standard indicating effect. 

Method. Cl. welchii type-A filtrates are concentrated by saturation with 
anunonimn sulphate, followed by dialysis of the precipitate against running 
tap water and the addition of sodium chloride to 1 per cent. ; a and 6 toxins 
are neutralised by the addition of sera without detectable « antitoxin. Serum 
R 8531 was given an arbitrary value of 180 xmits, and the test dose of filtrate 
for muscle-swelling tests determined at 30 units by a method similar to that 
used for testing sera. Sera are then calibrated as follows. The test dose at 
^ placed in deposit glasses, varj-ing quantities of the test sera are 
added and the volume made up with 1 per cent, saline to 2 c.c. After mixing, 
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tho mixtures nro nllowcd to stnnd for Imlf-nn-hour nnd 0-4 c.c. is injected into 
the left thigh muscles of Inrgo (>20 g.) mico. Twenty-four nnd 48 hoimi after 
injection tho mico nro oxnmined in tho following wny. An assistant holds tho 
mouse by tho skin of tho hnck of tho neck nnd prolTers tho tail to tho reader, 
who tnkes tho middle of its length between tho thumb nnd second nnd third 
fingers of his loft hnnd. Ho then stendies liis right hnnd by holding tho tip of 
tho tail between tho thumb nnd second finger of liis right hnnd, and palpates 
tho left nnd right thighs nltornntely between tho pulps of his index fingers, 
thus using tho uninjoctod thigh ns n control. Tho degree of swelling is estimated 
ns none (— ), doubtful {?i)t slight (±). or marked (+), nnd tho end-point 
mixture is determined ns tho ono protlucing i or + in linlf tho mico injected. 
Non-specific reactions, often mnrked nt £4 hours, hnvo ustinll^' disappearctl 
by 48 hours, when tho finnl rending is tnken. 

Table I shows that antisera of Cl. xcdchii typos A, C, D and E 
neutralise tho muscle-swelling factor in tjq)c-A filtrates in proportion 
to their /r-antitoxin content ; it is therefore probable that k toxin is 
responsible for muscle swelling. 


Taiilk I 

Comparison of anti-K and anti-swelling values of Cl. welchii ippes A, C, D and 
E antisera to show that k toxin causes local su'elling on intramusesdar 
injection 


Scrum 

Scnim >ivluc< 


Antl-wcllliiK 

R 8537 

180 

180 

A 1GS3G 

100 

no 

R 3952 

250 

2G0 

EX 770 

350 

420 

H3044 

550 

420 

H4415 

2000 

1050 


Histological examination shows that the swelling is duo to low- 
grade inflammation and oedema of the connective tissue, with 
destruction of reticulin and collagen. 


2. Lesions on intracntancons injection 

Intracutaneous injection into guinea-pigs of K-containing Cl. 
welchii type-A filtrates firee from a and d toxins leads in about 48 hours 
to the development of an ill-defined necrotic and hremorrhagic lesion. 
Histological examination shows that collagen in the injection area 
no longer stains red wdth van Gieson’s stain, that elastin fibres can 
readily be demonstrated passing through the otherwise unstained 
area, and that extensive hfemorrhages are common. 

Serum values for inhibition of the necrotising effect can bo 
determined by making up filtrate-serum mixtures in tho usual way, 
allowing them to stand for half-an-hour, and injecting 0-2 c.c. intra- 
cutaneously. After two days the guinea-pig is killed, the skin stripped 
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off, and the extent of the lesion read from the deep surface of the skin, 
taking a lesion about 2x2 mm. as the standard indicating effect. 

Attempts to use the necrotising effect as an indicator in serum- 
value tests were not very successful, because the accuracy of the 
test is very low even if high concentrations of filtrate are used. Xn 
view of the nature of the lesion it seems likely that it is due to k toxin , 
the serum-value tests support this view, but are not sufficiently 
reproducible to prove it, 

3, Death cm intravenous injection 

When highly concentrated K-containing filtrates, free from a and 
6 toxin, are injected intravenously into mice, death follows within 
24 hours, with free bleeding from the nose as the only unportant 
symptom. Post-mortem examination shows extensive bsmorrhages 
in the lungs; histologically the reticulum in the lung is severely 
damaged and presumably the unsupported capillaries leak blood into 
the alveoli. 

Attempts to use death or the production of small hEemorrhages 
in the lungs after intravenous injection as indicators for serum-value 
tests gave answers suggesting that k is the responsible toxin, but the 
reproducibility of the results is not high enough for proof. 


4. Attack on gelatin 

In view of the close relationship between collagen and gelatin, 
it would be expected that coUagenases would attack gelatin. After 
several attempts to use 25 per cent, gelatin pellets as indicators, we 
devised a gelatin-agar column method. This was a modification, 
suitable for serum-value determinations, of the method for detecting 
gelatinase production by bacterial colonies (Prazier, 1926), 

The method depends on the fact that if 15 per cent, mercuric 
chloride in 20 per cent, hydrochloric acid is poured on the top of a 
1 per cent, agar column containing 0-4 per cent, gelatin, a white 
precipitate is formed which spreads down the column as the mercuric 
chloride diffuses through it. Two precipitates are in fact formed, 
one extending down the tube faster than the other ; the faster is 
presumably due to the hydrochloric acid and the slower to the mercuric 
chloride. If the gelatin-agar column is previously treated with a 
gelatinase the gelatin is attacked and rendered unprecipitable by 
acid mercuric chloride ; the amount of gelatinase in the filtrate used 
can be estimated from the depth of the clear zone at the top of the 
column after mercuric chloride treatment. 

The attack on gelatin by ^-containing filtrates is inhibited by 
Cl. wdcMi antisera, and these sera can be calibrated against a standard 
for anti-gelatinase activity by the following method (fig.). Make 
faltrate-serum mixtures in the usual way, allow them to stand for 
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Imlf-nn-liour, and pour them on ilic top of gelntin-agnr columns ; 
incubate at 37° C. in a water-bath overnight. Next morning pour 
off the filtrate-serum mixtures and replace them with acid mercuric 
cldorido ; read after two hours. Take a small clear zone at the 
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surface as the standard indicating effect. A positive blank of small 
dimensions is always obtained ; this may bo due to leaching out of 
the gelatin by water, or perhaps to the presence in the filtrates of 
another gelatinase to which our sera have little antibody. 

If the standard serum R 8537 is given a value of 180 units, values 
of other sera determined against ^-containing filtrates lie sufficiently 
close to their anti-x values to make it liighly probable that k toxin 
attacks gelatin (table II), 


Tabijj n 

Comparison of anti-K and anti-gdatinasc values of sera 
to show that k toxin attacks gelatin 


Scrum 

Scrum values 

Antl-K 

Antl*RclatInasc 

R 8537 

180 

180 

LX 251 

650 


B 7843 

360 

350 

EX 770 

350 

360 

B7480 

280 


BR 3518 

480 
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DiSTEIBTJTIOK of SUBSTA>'CES ATTACKES'G azocoli. amoxg 
TIIE CL. WELCHII TYPES 

Throughout this paper the customary differentiation of Cl. u'dchii 
into t 3 -pes A, B, C, D, based on toxigenicity, •will be followed ; 
Bosworth’s strains (1940-43) will be called type E. 

It can readity be shown that all types of Cl. tvelchii produce 
substances attacking azocoli. Type-A strains, some type-C and 
type-D strains and all ty*pe-E strains soften muscle and disintegrate 
collagen paper. Filtrates from type-B strains consistently fail to 
attack collagen paper or to soften muscle. 

Serological examination of filtrates from type-A and type-E strains 
wth collagen paper as the indicator show that the substance effective 
in this test is k toxin ; similar results are obtained in azocoli tests on 
type-C and D filtrates that are too weak to use in muscle or collagen- 
paper tests (table HI). 

Tabi^: m 

Scrum values against filtrates from three difi'erent types of Cl. welchii 
to show that all produce k toxin {musdc tests) 


Seram 

, 

Senna values against filtrates 

Tj-pe A 

Tn« c 

Type D 

R 8537 

180 

180 

180 

LX 251 

750 

800 

800 

H3044 

550 

500 

500 

H2917 

850 

800 

800 

R7843 

360 

410 

400 

R6981 

30 

44 

30 


Serum values against type-B filtrates with azocoU as indicator give 
results showing no relationship to the anti-/f values of the sera used ; 
sumlar results are obtained with some type-D filtrates ; the serum 
values against type-B filtrates and such type-D filtrates agree very 
well, and are presumably determined against the same antigen in both 
cases. Clearly type-B strains and some type-D strains produce a 
substance that will attack azocoli and hide powder, but not muscle 
or collagen paper (table IV). 

TABin rv 

Comparison of anti-K values and of serum values against type-B filtrates, 
in azocoli tests, to show existence of A 


Semm 

Anti-K valnes 

Values 

type-B filtrates 

R 8537 

R 7480 . . ■ • 

RR 3518 . . ■ • 

Normal horse (fr^) ’ 

Normal horse (old) ^ 

Normal sheep (fresh) ! 

180 

280 

480 

<1 

<1 

<1 

30 

5000 

900 

1500 

<4 

lOOO 





500 C. L. OAKLEY, G. H. WAJiRAOK AKD'M. E. WARREN 


It will bo noted that fresh normal sera neutralise the azocoll- 
attacldng substance present in iype-B filtrates ; this, and the absence 
from some k antisera of antibody against the azocoll-attacldng 
substance in type-B filtrates, makes it possible to show that type E 
produces both k and the new substance, denoted by lambda (X). 
For if sera are tested against typo-E filtrates in azocoU tests after 
neutralisation of A with the normal senim, the answers are equal to 
the anti-K values. If the k toxin is neutralised with sera contain- 
ing no anti-A, the values determined run parallel with the anti-A 
values (table V). 

Tadlu V 

Comparison of anti^K and anti-X values of sera tcilh those obtained against type-E 
filtrates in azocoll tests to show that type E (Bosicorth) produces both k and X 


SCTOYti 

Scrum \iilur’ 

Antt-K 

Antl-i: 

(A-nciitrall<cd) 

Antl-A 

Antl-E 

(»f-ni'utrall»cd) 

R 8S37 


180 

30 

30 

R7480 


2C0 

5000 

4200 

RU 3518 


520 

000 

1000 

R 1974 


370 

<4 

<4 

R7532 


450 

4000 

4500 

EX 770 


300 

32 

30 


These experiments show clearly' that hide powder and its derivative 
azocoll are not satisfactory indicators for coUagenases. In some 
way during their preparation they have been altered so that they 
are attacked by enzymes — A, try'psin, ohymotrypsin (Todd, 1947) — 
that normally attack collagen with extreme difficulty'. It is true that 
if a preparation fails to attack azocoll it is very unlilcely' to attack 
collagen ; so that negative results with azocoll as indicator are of 
value. Positive results are not necessarily duo to the action of 
coUagenases, and should not be regarded as evidence of their presence 
without independent confirmatory' ev'idence. Tho most specific 
indicator so far is coUagen paper, but unfortunately it is relatively' 
insensitive. 

In their production of k and A, types A, B, C and E showed 
remarkable consistency ; 11 type-A strains and G type-C strains all 
produced k ; of 60 type-B strains, 49 produced A, and the remaining 
type-B strain (LD/1933) is degraded in other respects as it has 
ceased to produce e. AU 8 type-E strains produced both k and A. 
By comparison type-D strains appeared very heterogeneous. Thus 
6 produced no substances attacking azocoU, 8 produced k, 6 
produced A, and 15 produced perhaps both k and A. This naturaUy 
suggests that the type-D strains that produce A may be derived from 
type-B strains by loss of p toxin ; so far we have not obtained any 
conclusive evidence that this is so. 
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Actio 7 i of X on gelatin. Though gelatin-agar tests for serum values 
against A-containing filtrates are not very satisfactory, as the end- 
points are very difficult to determine, they give general support for 
the view that A attacks gelatin. 

Effect of medium and time of harvesting on k and A production 
Both the medium and the time of harvesting markedly affect 
the proportions of k and A antigens produced by strams of Cl. 
wdchii. Thus in ordinary meat broths production of A by 
Cl. welcUi type B is maximal at about 6 hours and decreases 
thereafter. In such meat broths types A and C and some strains of 
type D produce k only ; t3^e B produces A, type E, k and A. In the 
medium devised by Adams and Hendee (1945) for production of 
Cl. wdchii a toxin, types A and C and some strains of type D still 
produce k, but in much reduced amount ; production of k by type-E 
strains is completely inhibited. On the other hand production of A 
by types B and E and some strains of type D is greatly increased. 

Antigenicity of A 

The observation that A is “ neutralised ” by fresh normal sera 
(horse, sheep, cow and rabbit) raises the question of its antigenicity. 
Refining of normal sera by Pope’s process (1939) completely destroys 
aU A inhibitor ; sera from horses immunised with type-B filtrates 
retain much activity after similar treatment. Electrophoretic examina- 
tion of normal sera (table VI) showed that aU the A-neutralising 


TABtE VI 

A “ antibody ” in electrophoretic fractions of sera to show antigenicity of A 



A " antibods’ ** in electrophoretic ftaction 

Materia! exatnlncd 




— 


A 

A-f-a 



Normal serum before pepsinisation 

10 

80 

<3 

<3 

„ „ after pepsinisation . 

<3 

<8 

<3 

<3 

Immune serum before pepsinisation 

<4 

125 

60 

35 

,, „ after pepsinisation 

<4 

<4 

57 

21 


material was in the albumin plus a-globulin fraction, and was 
completely destroyed by pepsin treatment at pH 4. Similar examina- 
tion of immune sera showed that the A-inhibiting substances appeared 
in three fractions, albumin plus a, j8 plus y, and y. The part in the 
albumn plus a fraction was like that in normal serum destroyed by 
pepsin treatment at pH 4 ; those in the p plus y and y fractions 
resisted this treatment and therefore behaved like true antitoxins. 
Aloreover crude sera from normal and immunised horses inhibit not 
only the action of A on azocoU, but also similar action by filtrates 
from Clostridium bifermentans and Clostridium sorddlii. When these 
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sera are refined by Pope’s process (table VII), normal sera lose both 
A inhibitor and the substance or substances neutralising Cl. bifertnentans 
and Cl. sordcllii filtrates ; sera from horses immunised •nith A-containing 
filtrates lose their capacity to neutralise filtrates of Cl. bifermentans 
and Cl. sordcllii in azocoll tests, but retain part of their capacity to 


tahle vn 

To show that A antibody is specific and does not neutralise the mibstanecs in 
Cl. bifermentans and Cl. sordollii that attach azocoll and arc inhibited 
by normal serum 


Scram 

A Inhibitor In 

Hijtrmeninnt {nlilbitor !n 

SotdtUii Inlilbltor In 

frtah scram 


frcOi scrum 

refined scram 

frculi pcrura 

refined 

RR 5803 

730 

200 

100 


100 

<4 

RR 5559 

5000 

3000 

100 

<4 

200 

<4 

RR 0380 

1350 

750 

200 

10 

200 

20 

RR 5404 

780 

8 

50 

<4 

100 

<4 


neutralise A, which is therefore much more specific than that of the 
inhibiting substances in normal serum. Since injection of A-contain- 
ing filtrates into horses leads to the development in the serum of 
neutralising substances not present in normal sera, and since these 
substances react to pepsin treatment at pH 4 exactly as antitoxins 
react, there can be no doubt that A is antigenic. 

StJMSIAKY 

Cl. lodchii K toxin attacks gelatin. It produces local swelling on 
intramuscular injection and a local hromorrhagic and necrotic reaction 
on intracutaneous injection. It is probably lethal on intravenous 
injection. Death after intravenous injection is associated with massive 
hsemorrhages into the lungs. 

Toxin production by different types of Cl. wdehii under suitable 
conditions may be summarised thus : — 

Types A and C produce k toxin. 

T^e B produces an antigen lambda (A), not previously described, 
which attacks hide powder and azocoll but fails to attack collagen ; 
it probably attacks gelatin. Fresh normal sera contain a A 
inhibitor distinct from A antibody produced by immunisation. 

Type E produces both k and A. 

T^e-D strains show great diversity. Some produce k and some A, 
some possibly both and some neither. 

It must be emphasised that hide powder and azocoll are not reliable 
as indicators for coUagenases, because they are attacked by enzymes 
that do not attack collagen. 
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A CASE OF CEREBRAL CYSTICERCOSIS 


E. W. Gault and M. Baiasubrahiian-ya>’ 

Pathology Department, Christian Medical College, Vellore, India 

(Plate XC) 


Although cerebral cysticercosis has been the subject of a number of papers 
since MacArthur (1933-34) first drew attention to this condition as a cause of 
epilepsy, few cases have been reported in detail amongst Indian civilians 
(Minchin, 1937 ; Menon and Veliath, 1939-40). The following instance presents 
some features which are worthy of record. 

The patient, a Hindu girl aged 14 years, had been adopted by a village 
family four years before she became ill. Thus family did not keep pigs nor ate 
pork, but the possibility of infection at some period prior to the child’s adoption 
could not be ruled out. 'U'hen brought to a mission hospital near her home 
three weeks before her death, she gave a history of fever and severe headache 
for four months, with steady deterioration of her eyesight tmtQ. she could no 
longer distinguish between day and night. On examination, the pupils were 
widely dilated and did not react to light, and papillcedema was noted. She was 
sent to Vellore for further ophthalmic investigation, when the presence of 
well marked papillcedema in both optic discs with exudate scattered over the 
retina was confirmed. The Kahn test was negative. Her physical condition 
rapidly deteriorated, making a detailed neurological investigation impossible, 
and she died six days later. 

Autopsy was performed 36 hours after death, the body having been preserved 
m a reSrigerator. The subject was a well nourished young girl, 4 ft. 6 in. in 
height, with slight generalised cedema, most prono\mced on the face. The limgs 
showed hypostasis and early bronchopneumonia. The spleen was considerably 
enlarged (350 g.), adherent to the stomach, red, soft and finable, with much 
dark pigment but no malarial paiusites microscopically. The small intestine 
contained a Taenia solitm 55 cm. in length. Careful search failed to reveal 
the presence of cysts in any of the muscles, the eyes or the thoracic or abdominal 
organs. The only other pathological changes foimd were in the brain. The 
menmges were free firom adhesions. On the surface of the brain were numerous 
small nodules 1-5 mm, in diameter and others could be felt as small firm lumps 
within its substance. A small grape-like cystic mass was adherent to the 
wachnoid immediately to the right of the middle line over the parietal area. 
A number of tiny cysts were found in the grey matter (fig. 1), one being present 
m the thalamus and 7 in the cerebellum. In all, 213 cysts were counted, 121 
on the right side, 92 on the left. They could be easily shelled out. Each 
poffiessed a thin semi-translucent membranous waU and contained clear fluid 
^d a single scolex (fig. 2). The seolex had a crown of 24 radiating booklets 
I g. 3) and 4 suckers. Its short booklets averaged 109 (i in length, its long 
ooWets 146 n. These findings fall within the range given by Maplestone 
'* '^Rpbert, 1944) for the cysticercus of Toenia solium. 

examination of a portion of the brain containing a cyst shows 
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1. In the conlro, the outlino of ilio pamsito can bo soon, with ita booklets 
and suckers surrounded by coagulated albuminous material. There is no 
ovidenco of calcification of tho parasite. 

2. Surrounding this thoro aro masses of polymorphonuclear leucocytes 
entangled in fibrin with a few macrophages. Just outside this laj'cr in some 
cysts there are patchy collections of epithelioid colls and occasional foreign- 
body giant cells. Tho extent and degree of inflammatory reaction varj' in 
difTerent cj-sts. 

3. Tho outermost zone consists of a layer of granulation tissue where there 
are actively proliferating fibroblasts, many young capillaries and scattered 
clumps of Ijunphocytes and plasma colls, with occasional polymorphonuclear 
loucocjdcs. This zone, tho thickest, merges with tho surrounding brain tissue. 
The macroscopically normal brain Ij’ing between tho cysts contains scattered 
collections of Ijmphocjrtcs. 

An X-ray of a thin slice of tho brain shows tho negativo shadows of the 
cysts so that it is doubtful if theso would have shown through tho skull before 
death. There is no radiological evidence of calcification in any of tho ej’sts. 


Summary 

A rapidlj' fatal case of cerebral oysticercosis is reported. Tho patient, a 
Hindu girl aged 14, had symptoms siiggostivo of cerebral tumour. Tho adult 
worm was found in tho small intestine. Tho cysts showed no ovidenco of 
calcification and tho cysticerci wore alive. An intense inflammatory reaction 
had developed around tho cysts and was considered to bo responsible for tho 
sjmptoms. 

Wo aro indebted to Dr Thangavolu for tho photomicrographs, to Ulr Simon 
for preparing tho histological sections and to Dr H, Lazarus for permission to 
report tho case. 
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A STUDY OF THE INTESTINAL FLORA OF 
BLATELLA AMERICANA 

J. F. D. Shrewsbury and G. J. Barson 
From the Department of Bacteriology, University of Birmingham 

The American cockroach, Blatella americana, is a common insect in this 
country, where warmth, darloiess and organic detritus provide favourable 
conditions for its existence. It is a nocturnal insect and normally shuns tho 
light, so that tho few strays that may bo seen in daylight give no indication of 
the density of its population in a given locolity. It is often a pest in bakehouses, 
especially if coke is used for heating tho ovens. Since it feeds voraciously on 
all kinds of dead organic matter and contaminates human foodstuffs with an 
evil-smelling slime, it may he at times a serious economic pest. Although we 
know of no records of cockroaches attacking hmnan beings in those islands. 
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CnnEBIlAL CYSTICI-.ltCOSIS 



Fig. 1. — ^A'ertical sections of the brain to show the cysts mainly in 
the grey matter, x c. I, 



2. — ^Tho scolex 
of the cysts. 


removed from one 
X c. 100. 



Fig. 3. — Crown of booklets on the scolex, showing 
their arrangement, x c. 250. 
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Moiser (1945) states that in Southern Rhodesia two species, BlatcUa Qcrmnmm 
and Qxyhaloa mnrrayi, attack the natives at night, inflicting savage bites which 
leave “ on the African’s dark skin a white, almost circular scar, often much 
larger than a pin’s head 

Steinhaus (1946) has summarised tho findings of numerous workers about 
the occurrence of intracellular, bacterium-like symbionts in the fat-body of 
B. amcriaina and mentions the finding of spirochictes in its intestinal canal by 
Dobell and others. Moiser, who was working in a leper colony, reports the 
common finding of acid-fast bacilli, which he asserts are Mycobacterium leprcE, 
in the intestines of the local species, and suggests that those roaches may play 
an essential part in the transmission of leprosy. His work, however, has not 
been confirmed. 

This study is concerned particularly with the normal bacterial flora of the 
insect’s alimentary tract, and no search was made either for the symbionts in 
the fat-body, or for intestinal spirochmtes. Since the insect may contaminate 
human food with its excrement, a study of its intestinal bacterial flora for possible 
human pathogens seemed worth xmdertaldng. 


Methods 

Adult cockroaches were collected from the service duct imdemeath the 
Birmingham Medical School, and from various bakehouses, shops and kitchens 
in the suburbs of Harbome, Ladywood and Edgbaston. Specimens were killed 
by nnmersion for one minute in water at 80’ C., and the alimentary tract was 
then immediately dissected out in its entirety. Chiltures were sown on a variety 
of solid and liquid media from the contents of the crop, the mesenteron, the 
small intestine — including the proctodeum — ^and the large intestine. Some of 
these were incubated under aerobic, some under anaerobic, conditions at 20’ C. 
Film preparations were made from each of the parts of the tract mentioned, 
and were stained by Gram’s, Neisser’s, and Ziehl-Xeelsen’s methods. AH the 
media used had an initial pH of 7-5, and the cultures were incubated for 3 or 
4 days before plating out the liquid cultures on various agar media. 

Microscopic examination of the film preparations from all parts of the tract 
revealed a flora predominantly of Gram-negative bacflli. No acid-fast bacteria 
were seen in any of the many preparations examined. 

From the large number of primary isolations obtained, 19 cultures of 
Gram-negative bacflli were finally selected, on the basis of their growth and 
colony characters and their fermentative action on glucose, lactose, mannitol 
and sucrose, for a detailed study of their biochemical activities. These bacflli 
were found to belong to four chief groups, three of which contained two or more 
sub-groups. 

Group 1. Bacilli having no fermentative action upon any of the carbo- 
hydrates tested. 

Table I 


Biochemical reactions of Gram-negative bacilli, group 1 
[sub-groups 1 and 2) 


jroHHfr Indol Methyl Voces- Lead Xitrate 
red Pros^oer acetate reduction 


Gelattn | litmus 
liquefaction mUk 






Sub-group 
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Group 3. Bacilli attacking various carbohydrates with production of acid 
but no gas. 

Tahlh II 


BiocJicmical reacdons of Qram-ncgativc bacilli, group 3 
(sub-groups 1-5) 



Each of the strains in sub-group 5 (table II) produced a bright rod, diffiisiblo 
pigment in liquid cultures, which interfered with the reading of the tests and 
made a correct interpretation of three of them (marked 7) impossible. Wo 
carmot bo sure of the validitj* of all the sugar fermentation results, but each 
culture showed a definite acid change wlicn tested with litmus paper. 

Group 4. Bacilli attacking various carbohydrates until the production of 
acid and gas. 

Table ni 


Biochemical reactions of Oram-negative bacilli, group 4 
(sub-groups 1-4) 
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* BC Indicates that milk \ni8 bleached and clotted ; AC indicates ncld and clot. 


All the cultures for the sugar fermentation reactions were sown into 1 per 
cent, sugar-poptono-water media and incubated at 20° C. for 21 days before 
the final readings were made. 

The primary anaerobic cultures wore plated on Lomco agar after 4 days’ 
incubation and the plates then incubated at 20° C. in the anaerobic jar. Eight 
cultures were finally selected for further study on the basis of their growth and 
colony characters. These were all motile. Gram-positive bacilli, which formed 
sufaterminal oval spores and produced slight blackening in cooked-meat broth. 
No other t 3 q)es of Clostridia were encountered. Two of these eight strains 
gave identical biochemical reactions ; the reactions of the seven strains are 
set out in table IV. 

From this table it would appear that these Clostridia may bo separated into 
three ill-defined groups. 
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In addition to tho bacilli described, strains of Bacillus suhiiUs and Bacillus 
megatherium vecro cultivated from each of tlio roaches examined. 

Table TV 


Biochemical reactions of seven strains of Clostridia 
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Cocci ■were present only in small numbers, but a -white, non-h®molytic 
Gram-positive micrococcus ■which did not produce coagulose was cultivated 
from every insect, and two strains of streptococci were constantly recovered. 
Neither of these produced hsemolysin. One corresponded to Streptococcus 
non-hcemolgticus H of Holman’s classification ; the other to Streptococcus fcecalis. 


Discussion 

Apart firom the fact that the bacilli in sub-group 1 of group 1 appear to 
correspond to Nyberg’s (1934-35) Bacterium alkaligenes, none of the bacilli 
isolated have been found to correspond exactly -with any of the recorded groups 
of Gram-negative bacilli. Presumably, therefore, they may be regarded, at 
any rate for the present, as non-pathogenic for man. A striking feature of the 
aerobic bacillary flora of the alimentary tract of Blatella americana is the hi^ 
proportion of nitrate reducers. 


Summary 

A study of the flora of the alimentary tract of the American cockroach has 
not demonstrated any bacteria belonging to any of the recognised groups of 
human pathogens. The flora sho-ws a predominance of Gram-negative bacilli, 
■^rhich have been arranged in four groups on the basis of their biochemical 
actmties. 
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Group 3. 
but no gas. 


Bacilli attacking various carbohydrates witli production of acid 
Tabli: II 


Biochemical reactions of Qram-ncgativc bacilli, group 3 
(sub-groups 1-5) 



Each of tho strains in sub-group 5 (table II) produced a bright red, diffusible 
pigment in liquid cultures, u-hich interfered with tho reading of tho tests and 
mado a correct interpretation of tliroo of them (marked ?) impossible. IVo 
cannot bo sure of tho validity of all tho sugar fermentation results, but each 
culture showed a deCnito acid cliango when tested with litmus paper. 

Group 4. Bacilli attacking various carbohydrates with tho production of 
acid and gas. 

Tabu: HI 


Biochemical reactions of Oram-negative bacilli, group 4 
(sub-groups 1-4) 
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All the cultures for the sugar fermentation reactions were sown into 1 per 
cent, sugar-peptone-water media and incubated at 20“ C. for 21 days before 
the final readings were mado. 

The primary anaerobic cultures wore plated on Lomoo agar after 4 days 
incubation and the plates then incubated at 20“ C. in the anaerobic jar. Bight 
cultures were finally selected for further study on tho basis of their growth and 
colony characters. These were all motile. Gram-positive bacilli, which formed 
subterminal oval spores and produced slight blackening in cooked-meat broth. 
No other types of Clostridia were encountered. Two of these eight strains 
gave identical biochemical reactions ; the reactions of the seven strains are 
set out in table IV. 

From this table it would appear that these Clostridia may be separated into 
three ill-defined groups. 
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In addition to tho bacilli described, strains of BaciUtis subtilis and Bacillus 
megatherium ’were cultivated from each of tho roaches osarained. 

Table IV 

Biochemical reactions of ffci’cn strains of Clostridia 
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Cocci -were present only in small numbers, but a -white, non-hasmolytic 
Gram-positive micrococcus -which did not produce coagulaso was cultivated 
from every insect, and two strains of streptococci were constantly recovered. 
Neither of these produced hsemolysin. One corresponded to Streptococcus 
non-hcemolyiicus H of Holman’s classification ; the other to Streptococcus fcccalis. 

Discussion 

Apart from the fact that the bacilli in sub-group 1 of group 1 appear to 
correspond to Nyberg’s (1934-35) Bacterium alJtaligenes, none of the bacilli 
isolated have been found to correspond exactly -with any of the recorded groups 
of Gram-negative bacilli. Presumably, therefore, they may be regarded, at 
any rate for the present, as non-pathogenic for man. A striking feature of the 
aerobic baciUary flora of the alimentary tract of Blatella americana is the high 
proportion of nitrate reducers. 


Summary 

A study of the flora of the alimentary tract of the American cockroach has 
not demonstrated any bacteria belonging to any of the recognised groups of 
human pathogens. The flora shows a predommance of Gram-negative bacilli, 
which have been arranged in four groups on the basis of their biochemical 
activities. 
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6l8 . 12 — 002 . 7 

F.(VLLOPIAE- TUBE GRAian.OMA 

A. G. Rickards and W. Maoaurax 
Department oj Pathology, Boyal Lancaster Infirmary 

Under the title of siliceous granuloma several cases have been reported in 
which histological changes characteristic of talc granulomata elsewhere have 
been demonstrated in the Fallopian tubes. Tho similarity of tho histological 
changes has led to tho belief that these granulomata originate from tho use of 
smgical talc in previous abdominal operations. Tho following case presents 
tho typical features of talc granuloma of tho Fallopian tubo yet in this instance 
tho introduction of an exogenous irritant can bo reasonably excluded. It is 
considered that this case raises some doubt os to tho correctness of attributing 
these Fallopian tubo granulomata wholly to tho previous use of surgical talc. 

Case history 

Mrs H., aged 28, married 3 years, a housowifo with no children, was admitted 
to hospital on 12.4.47 complaining of occasional para-umbilical abdominal 
pain for one j'car. Sho also complained of sterility. Sho had had measles, 
scarlet fever and whooping cough in childhood. There was nothing relevant in 
her family history and no tuberculous historj', and her husband was fit and well. 
X-ray of husband’s chest normal. 

One year before admission sho had had an attack of abdominal pain which 
lasted half-an-hour. Sho was quite well during tho ensuing six months but 
then suffered a similar attack. Her third attack was six wcolis before admission 
and since then sho had had tlureo further attaclis each lasting four hours. The 
pain was localised to tho centre of tho abdomen and was usually of a colicky 
nature. Vomiting occurred after each attack. On one occasion tho attack 
was followed by a short period of diarrhttn, but bowel action was otheradso 
normal. Diming the first attack there was some scalding on micturition ; 
otherwise there were no urinary symptoms. 

Menses commenced at tho age of 13 and were always regular except for a 
two-month period of amenorrhoea at the ago of IG. Menses have lasted five 
days and occurred at regular 28 -day intervals except for tho last two periods 
which lasted ten days each. Tho abdominal pain was not related to menstruation. 
Apart from slight dysmenorrhoea tho menstrual liistory was normal. 

General physical examination revealed some tenderness just below the 
umbilicus and towards the right iliac fossa. 'Vaginal examination was normal. 
X-ray examination of chest and bones showed normal appearances. Blood 
count and sedimentation rate showed no significant abnormalities apart irom 
a slightly raised lymphocyte count — 52 per cent, of 7200 cells. The urine was 
normal. 

At operation on 14.4.47. Sub-umbilical mid-line incision. Masses of small, 
dark-colomed tumours were found scattered over the pouch of Douglas, the 
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posterior surface of the utenis, botli ovaries and the anterior abdominal 'wall. 
The right Fallopian tube was much thickened and there was some doubtful 
thickening of the left tube. The lesion ■was considered to bo either tuberculosis 
or endometriosis. The right Fallopian tube was removed. Now, 17 months 
later, the patient is very well and has had no recurrence of symptoms. One 
year after the original operation curettage of the uterus was performed as a 
diagnostic aid, histology revealing a normal post-ovulatory endometrium. 


Histology of Fallopian tube and of a peritoneal nodule 

Histological examination of the excised tube sho'ws much thickening of the 
■viUi and infiltration ■with chronic inflammatory cells. The inflammatory reaction 
is nodular in tjp>e and closely resembles tuberculous granulation tissue, but 
caseation is absent from the follicles. Moreover there are plentiful giant cells 
containing qtute large foreign bodies which, imder the polarising microscope, 
are seen to be doubly refracting. 

The peritoneal nodule shows a similar histological picture of “ non-caseating 
tubercle,” but the optically active particles are much fewer. 

Tubercle bacilli cannot be demonstrated in either site. 


Discussion 

The occurrence of this type of Fallopian tube granuloma has recently been 
reported by several workers. Roberts (1946-47), after revierring the literature 
on the subject, described five cases in patients who had been pre-viously subjected 
to abdominal operations. German (1943), in a re'view of 40 cases of intra- 
abdominal talc granulomata, recorded 9 in which the tubes were affected. 
Smith (1948) recorded a further case co-existing with carcinoma of the uterus. 
bi all these cases there was an antecedent history of an abdominal operation. 
In the cases of Roberts and of Smith these operations had all been 
appendicectomies. 

The ability of siliceous particles to evoke a foreign body reaction is well 
established. Shattock (1916-17) was the first to describe a foreign body 
granuloma resulting from the introduction of silica into the subcutaneous tissue. 
Faulds (1935) placed the occurrence beyond doubt, establishing the nature 
of the^ foreign body by petrological microscopy and microchemical analysis. 
By this means he was also able to demonstrate the relationship between the 

foreign body in the tissues and the slate which was responsible for the original 
mjury. 

Several other workers have recorded siliceous granulomata in other parts 
of the body (Antopol, 1933 ; Antopol and Robbins, 1937 ; German, 1940, 1943 ; 
Sxaen^ and Tuevinen, 1947), and experimental evidence has been produced by 
hem in support of the siliceous nature of the causative agent. 

. However, in view of the occurrence of a Fallopian tube lesion of this kind 

a patient who had never imdergone a previous operation, the invariably 
s ceous nature of these tubal granulomata is open to doubt. Our patient’s 
ongmal complaints were of abdominal pain and sterility. She denied ever 
employed contraceptive measures of any kind and indeed her husband 
recently undergone a seminal examination in an effort to determine the 
infertility. She also denied ever having used any type of vaginal 
th'^ r other similar application, nor had she had any tubal insufflation. It 
appears reasonable to assume that in this case the optically active 
P rticles were endogenous. 

”®°™^uce of endogenous optically active particles is not unusual in 
tissu^^ lustopathology. ^ Stewart (1920) showed that even certain normal 
are optically active (collagen for example) and by the frequent use of 
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tho polarising microscope wo wholly agree with his findings. Moreover wo have 
not infrequently found optically active particles in typically tuberculous lesions. 
Tho occurrence of these particles in sarcoidosis is well loiowni and through tho 
courtesy of Dr F. B. Smith wo have recently been able to examine sections from 
an imusunl case of generalised visceral sarcoidosis in which tho Fallopian tubes 
were involved. Thoj’ showed a remarkable similarity to our o^vn case of tubal 
granuloma. 

It appears to us that tho evidence for tho siliceous nattu-o of theso granulo- 
mata has relied in most cases upon their close histological similarity to imdoubtcd 
talc granulomata and that until now no example of tho condition has been 
reported in any patient in whom exposure to silica could bo reasonably excluded. 
Apart altogether from tho present instance there is ovidonco to suggest that 
tho siliceous origin of theso tubal granulomata is doubtful. In most cases 
both tubes have boon equally involved. In another case, following appondic- 
cctomy, tho loft tube onlj' is described ns showing tho lesion (Robert^. It is 
difficult to imagine why tho distribution sliould bo so unifonn if it depended 
only upon tho haphazard introduction of an unlinown amount of talc into tho 
right iliac fossa. It would bo more reasonablo to nssumo that tho right iliac 
fossa, being tho site nmst heavily bombarded, would show ma.vimal lesions. 
Such has not boon found to bo tho case. Tho lesion is usually distributed fairly 
evenly over both tubes and tho surrounding peritoneum. Nor is this distribution 
encountered in experimental work of this nature, which shows that tho maximal 
lesions tend to occur at tho sito of maximal peritoneal injury, while foreign 
bodies introduced intra-poritoncally have not boon observed to lodge in tho 
Fallopian tubes of experimental animals. 

Tlio fact that tho lesions liavo always boon discovered after previous operation 
docs not justify tho assiunption that they aro caused in this way. Not only 
is tho total niunber of cases too small to warrant drawing statistically significant 
conclusions of a direct relationship, but it might oven bo argued that tho tubal 
granuloma may itself have boon responsible for tho initial abdominal symptoms. 
In support of this argument Gorman (1043), in presenting 60 cases of post- 
operative talc granulomata, observes that some of tho patients camo complaining 
of tho same symptoms for which they had originally sought relief. 

In tho 0 cases reported by Roberts and Smith all had undergone previous 
appendicectomy from five months to 17 years previously, but no pathological 
evidence of appendicitis was offered. Appendicectomy is often resorted to 
in an attempt to deal with ill-dofincd abdominal pain and it is not impossible 
that some of theso appendices were scapegoats for a pro-existing tubal granuloma. 

Wo consider that the evidence for tho siliceous origin of this tubal 
granulomatous lesion is at present unconvincing and prefer to regard it as 
probably representing an atypical tuberculous reaction of tho sarcoid type. 
In support of this view it may bo mentioned that one of the cases cited by 
German (1943) showed a combination of dusting powder granuloma and proved 
tuberculous salpingitis and peritonitis, tho tuboroilous and siliceous lesions 
co-existing in tho same microscopic field. 


Summary 

A case of tubal granuloma presenting the typical histological features of a 
talc granuloma is reported in a woman in whom the introduction of talc or other 
extraneous matter could reasonably be excluded. 

It is considered that the assumption of a talc origin in all previously reported 
tubal granulomata is open to doubt. The occurrence of obviously endogenous 
optically active particles in sites not exposed to irritation by silica is stressed. 

It is believed that these tubal granulomata may in some instances be an 
expression of an atypical tuberculous reaction of sarcoid type. 



515 


STAINING OF RETICULO-ENDOTHELIUM 


REFERENCES 


Aktopol, 

Astopol, \V., akd RoBBrs'S., 

Faulds, J. S 

German, W. >I. ... 

»» • • . 

Roberts, G. B. S. . 

Saxex, a., a>*d TuovI^•E^r, P 
Shaitock, S. G. . . . . 


1933. Arch. Path., xvi, 32C. 

C. . 1937. J. ALtncr. Af erf. .^5500., cix, 1192. 

1935. Tliis Joimia?, xli, 129. 

1940. Amcr. J. Clin. Path., x, 245. 

. 1943. Siirff. Girn. <!’ Ohst., Ixwi, 501. 

1946-47. Brit. J. Surg., xxxiv, 417. 

I. . 1947. Ada. chir. Scandinav., xevi, 131. 

. . 1916-17. Proc. Roy. Soc. Med., x. Path. 


Sect., 6. 

SiniH, G. H 1948. Brit. Med. J., i, 1078. 

Stewart, M. J 1920. rffeirf., i, 663. 


578 . 67 : 616 — 018 . 74 

A METHOD FOR THE DEMONSTRATION OF RETICULO- 
ENDOTHELIAL CELLS IN PARAFFIN SECTIONS 

A. H. E. Marshal!. * 

From the Bernhard Baron Institute, The London Hospital 
(Plate XCI) 

The specific demonstration of the reticxilo -endothelial system by the use 
of silver impregnation techniques has been neglected in general pathology, 
although such methods for the staining of the microglia have been in general 
Use among neuropathologists for many years. In the techniques previously 
described the use of frozen, or less often of celloidin, sections has been obligatory. 
The emplojunent of paraffin sections vrould result in a considerable increase in 
the application of such methods to routine surgical biopsy material, and in 
particular to their use for research purposes on post-mortem tissues of which 
only material in paraffin block is available. The technique to be described, 
■which is a modification of the WeC-Davenport (1933) method, provides staining 
of a quality equal to the firozen section methods and is also suitable for post- 
mortem tissues which have been many years in wax. Successful results have 
been obtained twenty years after the embedding of the tissues. The method 
of Loughlin (1935) appears to be the only other published technique applicable 
fo paraSin material. This method, however, requires several days for its 

completion. 

Method 

1. ^t paraffin sections of formalin-fixed material at 15-20 y and, without 
mounting on slides, transfer direct to two successive baths of xylol. 

J'cmoval of the wax place the sections first in absolute alcohol and 
then in 50 per cent, alcohol. 

3. Wash in two changes of distilled water. 

1 ^loce in the following silver solution for 5-10 seconds. Add, with shaking, 

per cent, silver nitrate to 2 c.c. of 0-880 S.G. ammonia until a slight 
permanent turbidity forms (about 18 c.c. of silver nitrate are usually required). 

5. Transfer to a 3 per cent, solution of formalin in distilled water for 2-3 
w f'Le sections in the bath during the reduction. 

. Wash in drilled water. Tone in 0-5 per cent, gold chloride, wash, fix 
per cent, sodium thiosulphate, dehydrate and mount in balsam. 

^ mceipt of a whole-time personal grant from the Medical Research Counefi. 
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Tho following points should bo observed : 

1. If tho sections nro loft too long in tho silver solution tho method may fail 
completely : 7-8 seconds is usually tho optimum time. 

2. Tho intensity of tho impregnation depends largely on tho strength of 
the reducing solution. Too strong a formalin solution results in fcoblo impregna- 
tion, tho sections being a polo yellow colour. For tho best results tho sections 
should bo golden-brown at tho completion of tho reduction. Tho strength of 
tho reducing bath may have to bo varied to obtain this and it may also require 
ronownl after a number of sections have been passed through it. Each section 
should accordingly bo examined under tho low power of tho microscope to chock 
tho effects of tho stnin. 

Tho above method will givo satisfactory results with tho bulk of material 
studied. Tho two modifications hereafter described will, however, add greatly 
to its value in special cases. 

Modification 1 : double impregnation 

If tho material studied is refractory to tho stain or if a specially intense 
impregnation is required, tho following proceduro may bo adopted : 

1. After reduction in formalin (stage 5), wash in distilled 'water. 

2. Transfer for 5-10 seconds to a diluted silver bath composed of distilled 
water 10 c.c., silver solution ns in stago 4, 3 c.c. 

3. Reduce again in tho original formalin solution and proceed ns in the 
first method. 

An extremely intense stain will bo obtained from this proceduro. Its degree 
may be controlled by tho time spent in tho diluted silver solution and by tho 
intensity of tho stain before it is placed in this solution. Tho formalin bath 
accordingly may havo to bo strengthened before tho impregnation is satisfactory. 

Modification 2 ; nuclear staining of unimpregnated cells 

In many of tho preparations tho staining of nuclei of tho colls not impregnated 
by silver is feoblo or absent. It is liowovcr frequently ns important to identify 
tho colls which aro unimpregnated as those that nro fully stained. Tho following 
modification will ensure this. 

1. After reduction in formalin, wash tho sections in two changes of distilled 
water. 

2. Place for 1 minute in del Rfo-Hortega’s strong silver carbonate solution 
diluted to half strength with distilled water. (For details of preparing this 
solution see Russoll, 1939). 

3. Transfer direct to a 10 per cent, formalin bath, agitating tho section in 
the solution. 

4. Wash, tone in gold chloride, fix and mount. 

Tho nuclei will usually become stained after one immersion in tho silver 
bath, but if necessary the sections may bo washed in distilled water and put 
through the process a second time. 


Besults 

By the use of the methods described the cell-body and processes of reticulo- 
endothelial cells are uniformly impregnated to an even black. In the central 
nervous system astrocytes and oligodendroglial cells are also impregnated. 
Reticulmn cells in the spleen and lymph nodes are usually impregnated to a 
pale grey, but may be colourless. Myeloblasts are not impregnated. The 
bodies of fibroblasts may be stained, but their differentiation from histiocytes 
is clearly obtained on morphological grounds. Reticulin fibres are usually 
not impregnated, but occasionally become so in intensely stained preparations. 
Epithelial elements are not impregnated. 
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EFFECT OF CASTRATION UPON THE INDUCTION OF MAMJIARY 
TUJIOURS BY (ESTROGEN IN MALE MICE OF THE STRONG A 
STRAIN 

Elizabeth C. Abjistrono and GEonoiA>'A M. Bonseb 

From (he Department of Experimental Pathology and Cancer Research, 
University of Leeds 

The incidence of mammary cancer in oestrogen-treated male mice of various 
strains has usually been found to bear a relation to the spontaneous incidence 
in non-treated females of the same strains. When Strong A males were treated 
with (Estrogens, however, the observed mammary-cancer incidence was low 
(Bonser, 1936, 1942, 1944 ; Bonser and Robson, 1940), although in breeding 
females living to twelve months or more it was 60 per cent. (Bonser, 1940). 
The milk factor is known to be present in the milk of Strong A nursing females 
(Bonser, 1944). The explanation of the low incidence in oestrogen-treated 
Strong A males was sought in the excess of androgen produced by hyperplastic 
or neoplastic interstitial cells of the testis. This view was supported by the 
observation that the pelvic organs of these mice failed to show the usual 
squamous metaplasia induced by cestrogens. The potency and type of the 
factor was also considered and the present experiments were undertaken 
with a view to observing the influence on oestrogen-treated males of castration 
combined with administration of mUk factor from the RHI strain, in which 
the mammary-cancer incidence is high in both breeding females and mstrogen- 
treated males. 


Experimental procedure 

Two groups of Strong A male mice were used, one castrated, the other not. 
ine ^ontaneous mammary-cancer incidence in breeding females during the 
last six years (1942-48) has been 44 per cent, in mice living twelve months or 
®ore. Both experimental groups were suckled by RHI foster mothers derived 
trom a strain in which the spontaneous breast-tumour incidence is 84-6 per cent. 

breeding females surviving for more than twelve months. That the males 
of this strain respond satisfactorily to oestrogen is shown by the fact that 
•‘•o per cent, of 24 male mice treated for twenty weeks or more developed 
b*^^*^*^ i^’ioer (Bonser and Robson, 1940). The average interval between 
f^onsference to foster parents was 13 hours for the castrated and 
• houm for the non-castrated group. The average age at castration was 
weeks ; treatment was started at an average age of 6-5 and 5-5 weeks 
respectively. 

Jr,; received 3 mg. of triphenylethylene in arachis oil by subcutaneous 

jection once a week up to the time of death. 
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Results 

TAvenfy-tlireo intact mice suckled by RIII foster mothers (group I in the 
table) lived to receive treatment for 45 or more vrcela (range 45-04, average 
57 -5 weeks). Twenty castrated foster-nursed mice (group II) sundved for a 
like period (range 44-C5i weclcs, average 5C'0). As the earliest appearance of 
mammarj’ cancer in a previous experiment was at 43 wcolcs of oestrone benzoate 
treatment (Bonser, 1930), the ranges shown aro taken ns covering the tumour 
ago. 

Tahle 


Interrelation of the type of milk factor and the amount of androgen available 
and the occurrence of mammary carcinoma 


Experiment 

Oroiii) 

Tj-po of 
milk factor 
Fuppllod 

SMtr of tho 
Inton^tltlal 
ccll^ of thf* 
lC5tU 

Ainoiiiit of 
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cMimatetl by 
tbo contlltlon of 
the pelvic oryaim 

Mnmm.xrj'-canccr 
Incidence In mice living 
to tumour age 
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Not 




largo 
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C 

Strong A 
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— 

3/10 (18-8 percent.)/ 


Combined 
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1/52 (1-9 percent.) I 



castrated 


plasia, 
benign and 




Just 




malignant 




significant 




tumours 






Castrated 


Removed 


5/30 (13*9 percent.); 



No mammarj' tumours occurred in group I, but two tumours (10 per cent.) 
occurred in group II at 61 and 02 wcoIm respectively. This difference is not 
statistically significant. When, however, the results of previous experiments 
are taken into account (Bonser, 1944) and all castrated Strong A males treated 
with triphenylethylene aro grouped together, the incidence is 5/30 compared 
with 1/62 in non-castrnted mice. The increase due to castration is thus 12 per 
cent. ±6'8, which reaches the lowest conventional level of statistical significance. 

Wlien the effect of foster nursing on castrated and non-castrated groups is 
examined (table), the incidence of mammary cancer in the animals foster- 
nursed with the more potent milk factor is not increased. 

The histological changes in the breast ore entirely comparable in groups I 
and n (13 and 10 breasts respectively examined), and consist in the development 
of niunerous ducts, mainly non-dilated and inactive, with occasional localised 
areas of acinar proliferation. Dilated ducts were present in four of group I 
and two of group 11 mice. Castration appears to have had little or no influence 
on the growth of the mammary tissue. 

Testicular tiunours developed in 21 group-I mice out of 23 receiving 43 or 
more weeks of treatment ; of these, two were adenomata, the remainder 
interstitial-cell carcinomata. 
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Tho pelvic organs showed n striking difforcnco. In group I (15 mico 
examined) no squamous metaplasia was observed in the coagulating gland, 
which showed nakod-cyo atrophy in 7. In group II (15 examined) squamous 
metaplasia was present in all, being extensive in three (G1-G4 weeks of treatment) 
and associated with keratinisation in four (5G-59 weeks). 


Disettssion 

It was anticipated that castration of male mice of tho Strong A strain, 
which respond to oestrogen by a high incidence of testicular and a low incidence 
of mammary cancer, would raise the incidcnco of mammary cancer by removing 
the testicular source of androgen. In previous experiments, a slightly increased 
incidence (not statistically significant) followed castration, but in the present 
experiment no greater increase was obtained, in spite of the administration 
of a potent (REEI) milk factor, which might have been expected to enhance the 
effect. It is to be noted, however, that in all the experiments the tendency 
has been towards a higher incidence of mammary cancer in the castrated groups 
and, when the results are combined, the increase just attains statistical 
significance. In both experiments, castration was followed by a full cestrogenic 
reaction in the pelvic organs, a fact indicating that the testicular source of 
androgen is phj-siologically active and might be expected to manifest its activity 
on both breast and pelvic organs. 

The explanation of the discrepancy between the effect of castration on the 
mammary gland and on the pelvic organs must therefore be sought in (a) a 
genetic difference in the mammary gland itself, or (b) a genetic dimorphism in 
the pituitary gland. 

Summary 

Prolonged oestrogen treatment of Strong A males resulted in a high incidence 
of interstitial-cell tumours and a low incidence of mammary cancer (Bonser, 
1944). The excess of androgen produced in this way protected the pelvic organs 
agamst the squamous metaplasia which normally results from oestrogen treat- 
ment. Castration of Strong A males prior to oestrogen treatment resulted in 
a slightly increased incidence of mammary cancer, but that the excess of 
androgen had been removed was shown by the cestrogenic response of the 
pelvic organs. Even the prior administration of a potent milk factor (RUI) 
did not increase the mammary-cancer incidence after castration. 
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6 i 6 . 233 — 007 . 64 : 619 . 9 { liattus ) 
BRONCHIECTASIS IN LABORATORY RATS 

A. H. CllUICKSUANK 

Pathology Department, University of Liverpool 

In tlio course of some tentntivo experimental work on lung diseases it was 
found that the stock laboratory rats employed siilTcrcd from n spontaneous 
disease of the lungs which made the experimenfs useless. The dLsoaso, a form 
of bronchiectasis, was similar to that described by Moiso and Smith (1928-29) 
and by Passey, Lcese and Knox (1930), who found an incidence of 01 per cent, 
in 251 animals studied. Wilens and Sproul (1938) found 75 per cent, of their 
487 animals afTcctcd. 

In the present series, 200 hooded rats of various ages, killed for dissection 
by a zoology class, showed an incidence of 43-5 per cent, on naked eye examina- 
tion of the lungs. In its earlier stages the tlLsenso causes small grey nodules in 
the lungs. These progress till whole lobes are occujiied by distended bronchi 
filled with caseous material. 

Pathogenesis 

Bacteriological examination bj’ cultural methods of material from the 
interior of the bronchicctatic cn\'itios, of mucus from the trachea, and of the 
bronchial hmiph nodes yielded no growth of any organism that seemed to bo 
related to the disease. jMost of the cultures were sterile. Nelson (1940 a and b), 
however, claimed to have demonstrated the presence of n virus in what ho 
colled endemic pneumonia of rats, which, from his description, would appear 
to bo the disease under discussion. Ho found that it was very common in 
older rots but that the young were resistant, and that it was not related to the 
diet, an observation confirming the earlier finding of Pnasoy ct al. in their studies 
of bronchiectasis and metaplasia in laboratory rats. Nelson found no bacteria, 
but could transmit the disease to mice by the nasal instillation of n suspension 
of lung exudate from affected rats. The active agent was effect ivo in dilutions 
of 10’, was removed by centrifuging at 9000 r.p.m. for 30 minutes, but could 
not bo cultivated in ombryonnted eggs. It remained active for 3 months in 
the frozen state under dry ice and could bo maintained by direct transmission 
from mouse to mouse but only by the nasal route. 

Moiso and Smith were inclined to attribute the bronchiectasis to plugging 
of the bronchi with mucus, after which the gron-th of organisms occurred. 
Great acciunulation of mucus certainly occurs in the bronchi, but in general, 
bacteria are conspicuous by their absence. In the present series of animals 
the accumulation of mucus scorns to have been the result rather than the cause 
of the bronchial obstruction. The cause of the obstruction is believed to bo 
swelling of the mucosal lymphoid tissue, so that polypoidal masses obstruct 
or distort the bronchial lumen. Mucus accumulates distal to the obstruction 
and in time causes an inflammatory reaction, for it has been found that oven 
sterile mucus in the lungs of the rat can set up inflammator 3 ' changes (Wood, 
1941). The combination of obstruction and sepsis provides the conditions 
which are generally believed to lead to bronchiectasis. The virus isolated by 
Nelson may well be the cause of the initial enlargement of the bronchial Ijunphoid 
tissue. 

Relationship to human bronchiectasis 

In most cases of human bronchiectasis the mechanism hero described is 
probably of little importance. In children, however, enlargement of lymphoid 
tissue is sometimes very marked, and may then play some part in the retiology 
of the disease. 
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Summarj/ 

In the commonly cncoimtcrcd disenso, bronchiectasis of laboratory rats, 
bronchial obstruction by swollen Ijinphoid tissue is shown to bo an important 
Ktiological factor. 
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A NON-GAS-PRODUCING VARIANT OF BACTERIUM GOBI 
INDUCED BY GROWTH IN GLYCINE 

J. Gordon 

From the Department of Pathology and Bacteriology, 

University of Leeds 

Dubos (1946) states that growth in the presence of injurious agents often 
results in non-specific transmissible mo difi cations of the bacterial cell. He 
quotes Penfold (1910-11, 1911) as showing that Bad. coli loses the ability 
to produce gas from sugars when grown in monochloracetic agar. In the 
course of an experimental study of the effect of amino acids on bacterial fourth, 
Gordon and McLeod (1926) showed that glycine in relatively high concentrations 
Was mhibitory to the growth of organisms. Gordon and Gordon (1943) showed 
that the colonies of some organisms, particularly Vibrio eholerce, were sticky 
when grown on solid media containing sub-lethal doses of glycine, and stained 
films made from such colonies showed marked morphological chemges. Gordon 
and Gordon (1947) showed that repeated subculture of Shigella shigee in broth 
containing increasing concentrations of glycine enabled the organism to develop 
mi mcreasing tolerance to concentrations of glycine previously lethal. 

Work on the acquired resistance to glycine was extended to a strain of 
Bact. coli kept in the laboratory. In broth containing glycine its growth was 
markedly inhibited at a concentration of 1 per cent, and usually prevented at 
a concentration of 1-5 to 2 per cent. As with Sh. shigee, repeated subculture in 
gradually mcreasing concentrations of glycine readily increased the resistance 
of the organism untU, after subculture over a period of six months, it grew 
m a concentration of 6 per cent, glycine in peptone broth. Stained filmg of 
^bcultures of this organism growm on heated blood-agar showed that, like 
he cholera vibrio, it now displayed the most extraordinary pleomorphic forms, 
the reactions of the modified organism and of a subculture of the original 
strain of Bad. coli were then tested on the usual 1 per cent, peptone sugars 
and m peptone water for production of indole. The sugars, which were incubated 
or a fortnight at 37° G., were read at intervals, and it was found that both 
s rams produced indole and formed acid in glucose, mannitol, lactose, and 
citol but not in sucrose. As usual, the original strain produced gas in the 
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fcrmontod sugars, but the glycino-resislant strain failed to do so oven when 
subculturcd on ordinary blood-agar every few days for several weeks. 

In addition the cultures in glucose, mannitol and lactose were also sub- 
culturod, each into tho snino sugar, but gas was not produced oven after twelve 
subcultures. This indicates that oven continued growth in tho sugar does not 
restore tho cnzjTnes responsible for producing gas. 

Grey (1913-14), using Pcnfold’s method of developing a strain of Bad. coli 
which did not produco gas from mannitol or glucose, found it also unable to 
decompose formates. In this connection, .Stephenson (1030) concluded that 
it was highly probable that tho hydrogen and carbon dioxide arising in fermenta- 
tion by Bad. coli originated from formic acid or its immediate prcciusor. Tho 
work of Stephenson and Stickland (1932) confirmed tho importance of decom- 
position of formic acid ns a source of Jiydrogon in bacterial fermentations. 

That my glycine-resistant variant did not produco gas from sodium formate 
wasshownby tho following experiment kindly performed for mo by Dr Sticldand. 
Cultures of tho gl 3 ’cino-rcsistant and of tho original strain of Bad. coli wore 
grown for 30 hours in 0-5 per cent, sodium formate broth. Tliej’ were centrifuged 
and after tho deposits had been wasbod with saline suspensions were placed in 
Barcroft manometer vessels. Sodium formate 0-1 ilf and phosphate buffer 
nt. pH 7-0 were added and after tho vessels had been fillwl with pure nitrogen 
tho rate of hj-drogen evolution was followed ns bj' Stephenson and Stickland. 
Tlio glj’cino-resistant variant failed to form gas whereas the original strain 
produced it in quant itj’. 

It is interesting and possiblj' maj* bo of some significance that monochlor- 
acetic acid as used by Ponfold is closolj' related chomicallj’ to glycine. 


Sunmiary 

A strain of Bad, coli grown in increasing concentrations of tho amino acid 
became resistant to G per cent, glycine. 

Tho resistant variant still produced acid in glucose, mannitol, lactose and 
dulcitol, but completely failed to form gas. Eopented subculture in these 
peptone sugars did not restore tho power to produco gas. This finding is 
probably closolj' associated with tho suppression of tho ability to decompose 
formic acid. Tho production of indole was xuiafTected. 

I should like to thank tho Medical Research Council for a grant in aid of 
expenses. 
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BOOKS RECEIVED 

Submicroscopic morpliology o£ protoplasm and its derivatives 

By A. FjiEY-WyssLiKG. 1948. Now York, Amsterdam, London, Brussels : 
Else\ner Publishing Co., Inc. Pp. viii and 266 ; ICO text figs. 32s. 6d. 

This book is concerned with a sribjcct wliich is fundamental to all 
biological studies, nnmeh' the structure of protoplasm. Its scope is 
remarkably wide and no doubt other volumes will be witten on the same 
subject before its scope is apprccinbl}' extended. The obvious extension, 
as the author recogm'ses, is in the rapidly advancing field of electron 
microscopy. Those who set out to interpret electron micrograms will 
need to understand the principles of structure which are considered in 
this monograph. 

Tlie book is a set of studies in outline, each of which requires much 
more space for real exposition. Bub in one volume, closely printed, the 
author has collected a great number of facts ; the book makes reference 
to and summarises many interesting studies that would take much time to 
read and digest from original papers. The author is a pioneer and a 
foremost Continental worker in this field, particularly its botanical aspects. 
The translation into English of certain techm'cal terms is most tm- 
satisfactory, and the degree to which the book is thus marred demands 
that similar translations should be corrected by an English-speaking 
e^ert in the same field. The book is elaborately supplied with clear 
diagrams, though some of the few electron micrographs are poorly 
reproduced. 

The leptospiroses 

By P. H. VAN Thtex. 1948. Leiden : TJniversitaire Pers Leiden. Pp. x 
and 231 ; 19 figs, on 9 plates and 5 text figs. Guilders 16.50. 

The Dutch, by their investigations in Holland and the East Indies, 
have done more work on the leptospiroses than any other nation, and 
the monograph of Dr B. Waelch-Sorgdrager of Amsterdam has been the 
standard work on these diseases since its publication in 1939. Pro- 
fessor P. H. van Thiel of Leyden University has written the book 
under review after participating for many years in the investigation of 
the subject, and he has given us an account of the leptospiral diseases of 
man and animals which is very valuable — in Great Britain especially so 
at the present time, becatise infections by L. canxcola have been more 
frequently recognised this year and last than ever before. 

In this book, the morphology of the leptospirse is well described firom 
examination by the electron microscope, carried out by the author and 
others. The opinion is expressed that these organisms are so much akin 
to both bacteria and protozoa as to form an intermediate or transitional 
family. Their antigenic stability, the relation of the different species to 
one another and the separation of sub-species with incomplete antigenic 
structure have been discovered by the serological tests of agglutination 
and lysis and by absorption of antibodies fi-om serum. These methods, 
with the results obtained, are given broadly. 

T^e technique of diagnosis, in animals and man, of both active and 
previous leptospiral infections is well and fiiUy described and provides one 
of the most valuable chapters in the book. The advantage for dark-groimd 
^croscopy and culture of concentrating leptospir® by centrifuging oxalated 
lood is emphasised. Methods of serological examination are carefully 
ascribed, though some confusion is caused by the use of the term “ weakest 
dilution,” where “ lowest dilution ” is intended. 
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Tho genornl Bumnmry of cpidcmiologj', including tlio role of rnts, voles, 
dogs find other nnimnls ns enrriers of vnrious species of loptospiraj, is well 
dono but, ns in some other chapters, there nro errors which should bo 
corrected in nny future edition. For instnnee on p. 00 it is stated that 
significant antibodies have been found in miners who had been exposed 
to infection, but on p. 00 tho same work is nccurntcly referred to ns a 
finding in sower-labourers. In a chapter on genornl nnd special prophylaxis 
tho need for disinfecting patients’ urine aJid for rubber gloves to bo worn 
by nurses attending patients is emphnsised. These precautions are not 
usually taken in this country. A chapter on clinical features nnd treatment, 
especially of leptospirosis ictero-ha>morrhngi.'n, is useful but rather vague. 
A mistake is made in reporting the work of Alston and Broom (Brit. Med. 
J., 1944, ii, 718) on tho effect of penicillin on loptospirm in vitro; they 
found, in fact, that B. ictcro-hwmorrhagicc nnd L. catiicola nro clearly 
sensitive to penicillin. 

Almost half of tho book is occupied b 3 - nccounts of thirteen species 
of leptospira; which havo been found to infect man nnd nnimnls nnd of 
another eight species known to infect nnimnls but not man. These verj' 
valuable chapters bring together knowledge not collected elsewhere, but 
thej' contain some rcprottablc omissions and mistnkes. For instance, 
regarding leptospirosis cnnicolnris, tho reported cases of human infection 
are stated (p. 138) to number 26 nnd to have occurred in Holland nnd 
Denmark. But Dr Borg Petersen of Copenhagen reported 47 cases in 
Denmark nlono up to 1913, Dr Minkenhof of Amsterdam in 1947 reported 
a total of 49 in Holland nnd woll-nuthcnticntcd examples wero reported 
before 1947 in tho U.S.A., Great Britain, Franco, Cliinn, Switzerland and 
Germany. On p. 181, in tho chapter on leptospirosis schuffneri, it is stated 
that “Buchanan (1927) records that ho has observed in a guinea-pig, 
which was inoculated with renal tissue of a bat, typical symptoms of 
Weil’s disease.’’ “ Bat ’’ is n mistake, probnblj’ duo to a mistranslation 
of “ fiold-raouso,’’ this being tho animal on whieh Buchnnnn made his 
observation. Tho translation into English shows mnnj’ other mistakes. 

There is a full bibliographj’ nnd an index of nutliors, but no subject 
index. 

Tlio book is vnlunblo for its wide scope but in its present state it is not 
n safe guide for those unfamiliar with tho subject. It is to bo hoped that 
in a second edition mistnkes and omissions will bo remedied. 

Diagnostic procedures lor virus and rickettsial diseases 

1948. Now York : American Public Health Association. Pp. vii nnd 347 ; 
20 text figs. S4. 

For pathologists interested in virus work of a diagnostic or research 
nature a manual of laboratory teclmiques has been lacking ; tho present 
publication is designed to moot this need. Each of tho sixteen sections 
in tho book has been written by ono or more members of a special committee 
of the American Public Health Association. Tho subjects dealt with are 
psittacosis, lymphogranuloma venereum, trachoma, inclusion blonorrhocn, 
variola and vaccinia, influenza, primary atypical pneumonia, mumps, 
poliomyelitis, encephalitis, rabies, herpes simplex, yellow fever, dengue, 
phlebotomous fever and rickettsial diseases. Tho general plan followed 
by most of tho authors has been an introductory section of varying length, 
details of the methods used for isolating and identifying tho causal agent, 
and a description of serological methods used in diagnosis. A useful list 
of references is appended to each chapter. In some instances this plan 
is of necessity modified : in the chapter on primary atypical pneumonia, 
methods for the isolation of virus are obviously lacking and serological 
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methods of diagnosis arc not of voluo in trachoma and poliomyelitis. It 
is stated in the preface by Francis, chairman of the committee, that “ great 
effort has not been made, editorially, to obtain nniformity in tho detail 
of presentation or wording.” .jbs each chapter bn.s been written by on 
authority experienced in investigation of tho disease under consideration, 
the particular methods and techniques described arc those favoured by the 
indi'vidual authors. Tlio procedure for tho complement-fixation test used 
in the examination of vesicle fluid and crusts from .suspected smallpox 
cases as outlined on page 91 appears to the reviewer to be less satisfactory 
than that of Craigie and Wishart (Canad. Publ. Hlth. J 1936, xxvii, 371). 
There is a good deal of repetition in the descriptions of particular techniques, 
as might be expected in a composite work of this kind ; for example the 
technique for complement fixation tests is described in several chapters 
with variations only in detail. In future editions additional cross references 
between individual chapters in such matters might effect some economy 
in space. The treatment in some sections is much more elaborate than 
others. For example the first section on psittacosis extends to 45 pages 
and includes an introduction of six pages touching on epidemiological 
features, clinical manifestations, pathological lesions and special character- 
istics of the \'irus, while the chapter on variola and vaccinia occupies 
only 10 pages, devoted almost entirely to teclmical methods. The procedures 
described in the section on primary atypical pneumonia are those for the 
detection of cold hremagglutinins and agglutinins to streptococcus 31.0. 
In a book which contains a short chapter on phlebotomous fever, the 
investigation of which involves the use of human volunteers, it seems 
surprising that no space has been found for infective hepatitis, measles, 
chickenpox or zoster. The illustrations are good and at the end of the 
book there is, in addition to a general index, an index of tables, charts 
and illustrations. Notwithstanding the minor criticisms implied in these 
comments this book will be welcomed by those interested in laboratory 
techniques for the investigation of virus and rickettsial infections ; it 
supplies a much-needed collection of reliable information in this field. 

Gynecological Mstology 

By JoSEPHUvE B.\bivES. 1948. London ; Harvey and Bljiihe. Pp. xii 
and 242 ; 162 figs. SOs. 

This volume, although it hardly sustains the claim ou the jacket (“a 
new Teacher ”) is a good, straightforward book. On first examination it 
is rather disappointing, because one is left in a state of tranquillity quite 
alien to a subject so “ alive ” as gynecological pathology. Theories, 
perplexities and matters of contention are alike smoothed over in a manner 
that seems even ingratiating at the time. But if one has read the preface 
before examining the text (and the present re-riewer allowed his zeal to 
prevent this simple procedure) one will find that this merely indicates an 
intention well achieved, the realisation of a set purpose ; for in the preface 
we are told that a dogmatic statement has often done duty for a resume 
of controversial views in order to keep the book as clear and simple as 
possible. 

Within these limitations, then, the book is a good one. It will be 
much appreciated by students and recent graduates intending to specialise • 
the former are amply accommodated, the latter will take the hurdles as 
they are met, being in that delightful atmosphere where difficulties can 
be debated and profounder questions answered, or at least canvassed, by 
reference to profounder literature. ’ ^ 

Tho book contains a higher ratio of illustrations to text than one has 
ever seen in anything other than a mere atlas, but since the writer’s intention 
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is doscriptivo rather than controversial, tins may -well represent an 
advantageous modem trend. Her pictures are usually verj’ good, somo- 
times exceptionallj’ so. Only very occa-sionally aro they poor — fig. 16 for 
example, -wliich, in the reviewer’s opinion, foils entirelj’’ in its purpose. 

Biology o£ pathogenic lungi 

Edited b}' WAnTnu J.' NiCKi:nso>.'. 1047. Waltham, JInss. : Tlio Chronica 
Botanica Co. ; London : Win. Dawson and Sons, Ltd. Pp. xx and 230 ; 
frontispiece, 40 figs, on 8 plates and 30 text figs. $5, 

It might have been thought that several recent additions to the literature 
of medical mycologj*, vTitten from various view-points, covered all the 
needs of microbiologists interested in this discipline, but it rested with 
Dr Nickerson to discover a hiatus and to fill it with liis admirable “ Biologj’ 
of pathogenic fungi." The editor and principal contributor is well kno^vn 
for his work on the physiology and especially the respiration of micro- 
organisms, and his contributions to this subject in the present volume 
are cspeciall}’ valuable. Ho is ably sujiported by a group of contributors 
each of whom is a recognised expert in the subject on which ho -writes. 
J, Lodder and A. do jtfinjer deal -witli the biology of the pathogenic yeasts 
which cause torulosis and A. J. Carrion and 51. Silva -with the fungi of 
chromoblastomj'cosis. R. Bonham deals with Piltjrosponim ovale, a 
physiologically interesting if pathologically rinimportant yeast, and C. W. 
Emmons with Coccidioidcs irnmilis, to our knowledge of tho life historj- 
of which ho has himself made substantial contributioirs. R. Ciforri and 
P. Rcdaclli review tho recent important work of tho Italian school of 
myoopathologj’, wliich covers tho general field of fungi and algro pathogenic 
for animals and plants, and F. T. Wolf discusses tho action of tho sulphona- 
mido drugs and natural antibiotics on tho fungi. D. S. Jlartin presents a 
survey of tho geographical distribution of tho systemic mycoses, illustrated 
■with world maps, but in attributing diseases to a countrj’ ho docs not 
disoriminato between the truly indigenous infections and mere casual 
importations. W. J. Nickerson, in addition to tho introductory chapter, 
has contributed chapters on tho metabolic products of fungi, respiration 
and fermentation by fungi and, jointly with J. W. Williams, a section on 
nutrition and metabolism. Tho final contributor is R. L. Peek wlio deals 
with fungal lipids and wax-liko substances in pathogeny and immune 
reactions. To every chapter tho relevant bibliography is appended and 
the work is completed by three separate indexes, of authors, micro-organisms 
and subjects. 

The book is well got up and is a valuablo addition to tho litoraturo of 
mycology. It should appeal strongly to those specially interested in tho 
physiology of fungi. 

Iiaboratory teebnigue in biology and modicino 

By E. V. Co-WDBY. 2nd ed., 1948. Baltimore : Tlio Williams and Wilkins 
Co. (British agonts, Baillidro, Tindall and Cox.) Pp. vi and 209. 22s. 

Ono must bo critical about this second edition, for tho errors of the 
first have been handed on. Those aro obvious in the naming of Europeans : 
H. G. Cannon, A. C. Lendrum, E. Meulongracht (not only -wrongly spelt 
but in the wrong place alphaboticnlly for either spelling) and 51aochiavello, 
■wrongly spelt in the first edition and altered in this but still short of the 
mark, Euparal, polystyrene and Quellimg are also misspelt. Tliis type 
of error raises doubts about the accuracy elsewhere, for some of these 
mistakes are repeated and aro obviously not simple printer’s errors like 
the direction for maldng Jenner’s stain where eosin and methylene blue 
aro to be mixed in a " flash.’’ Tho reference to " the current war ” suggests 
transposition without scrutiny from one edition to the other. 
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It is intriguing no doubt to find quitn n largo section on tho “ Revival 
of Vinegar Eels,” and tho medical jurist will bo interested to note that this 
edition has an entry \mdcr “ Crime Detection Techniques.” There are 
also occasional snippets about vroad and similar dyes ; thus we are told 
that saffron was spread on tho streets of Romo, but not a word about 
Sfasson’s erythrosin-saffron method, which is still in use in Franco. Neither 
Goormaghtigh nor pcr-iodic acid is indexed, wliercas Scandium and Yttrium 
are (both incidentally in a valueless way). Information about the keeping 
qualities of staining solutions would bo valuable, so also would reference 
to such useful laboratory vade-mecums ns Langeron’s Precis de microscopic 
and the Manuel technique dc microbiologic ct dc serologic of Calmette, Boquet 
and Negre (now Boquet, Negro and BretojO- 

Room might well bo found by eliminating the dictational verbiage, 
e.g, “ Erythrocyte counts do not fall in tho scope of this book. It is sulBcient 
to state that they are going out of fashion because of the large experimental 
error involved,” or “ Normals, Microscopical. Most tissues are examined 
in but a cursory way. If something is encountered which looks definitely 
unusual the question of normality comes up, but there are probably 
nvunerous instances of tissues which look enough like what was expected 
to be passed without comment even though they were not in fact normal.” 

This book recalls Bishop Butler on the laying out of thoughts which 
are still not unravelled : “ It is coming abroad in disorder, which he ought 
to be dissatisfied to find himself in at home.” 

Oxidation-reduction potentials in bacteriology and biochemistry 

By L. F. Hewitt. 6th ed., 1948. London County Coimcil. Pp. 130 ; 
30 text figs. 4s. fid. (by post 43. lOd.) 

The new (5th) edition of this valuable monograph brings imder review 
the very considerable literature of its subject that has accmnulated since 
the previous edition in 1936. The greater part of the matter is, of course, 
carried over from the earlier editions, but a number of the sections have 
been rewritten and extended, e.g. that on cytochrome, and new sections 
have been introduced to deal with the application of oxidation-reduction 
pot^tials to milk grading and to the study of chemotherapy and the 
antibiotics. 

There is also an additional short chapter on the application of polaro- 
graphie methods to the study of oxidation-reduction potentials. This is 
scarcely adequate as a guide to those unfamiliar with this technique in its 
practical application, but does indicate its use in quantitative observations 
on the concentrations of oxidation-reduction systems present and for 
observations on such systems as oxygen and hydrogen and their compounds, 
and also sulphydryl compounds. 

An interesting point brought out is the relationship of the previously 
observed influence of oxidation-reduction potentials on the persistence 
of virulence in streptococcal cultures and Elliott’s observation of the loss 
M type-specific characters under the influence of streptococcal proteinase. 

_ no assumption is that the ferment works under reducing conditions, 
*.e. negative O.R. potential, and it was observed previously that virulence 
by measures assuring a relatively positive oxidation potential 

Practical section cutting and staining 

By E. C. Claydek, 1948. London : J. and A. Churchill, Ltd. Pp vii 
129 ; 21 text figs. 9s. 

This little book by the senior technician in the morbid histology depart- 
ent of the Bland-Sutton Institute of Pathology, the Middlesex Hospital, 
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is expressly \vritten “ for tcchnicinns with little or no experience in the 
various methods of preparing routine sections.” Stress is therefore laid 
on the small details, obvious to the expert, which are essential in the 
preparation of good sections. The hope is expressed that the hook will 
also be found useful by those preparing for the examinations of the Institute 
of jMedical Laboratorj* Tcchnologj-. Sineo this is one of its principal aims 
it is natural that in general the more highly spccialisod and less well known 
methods are omitted. None the less it should prove, especially for younger 
workers, a vorj' useful addition to the pathological laboratory bookshelf. 
Fixation, embedding and section cutting are first considered and the 
author deals at length with many of the pitfalls which besot the path of 
the inexperienced and the unwary. Tho staining methods which follow 
are those which have stood tho test of time and are adequate for all routine 
pathological laboratories. They are well sot out in a clear and concise 
matter. Tho book concludes with a number of tho formula: used in the 
preparation of tho more important reagents required in histological work, 
and an index of six pages. An admirable little book for quick and handy 
reference. 


Diagnosis in daily practice 

By BcNJAsriN V. Wnm: and CiiAiturs F. GnscniOKTun. 1947. 
Philadelphia, London and Montreal : J. B. Lippincott Company. Pp. xvi 
and C93 ; 300 text figs, 12 plates (93 figs.) in colour. $16. 

Tho purpose of tho authors of this book is to lay down a complete 
diagnostic scheme capable of dealing with anything other than rarities. 
To establish sense of proportion they commonco with a short section on 
the statistics of mortality and disability from tho major diseases, based 
on tho data collected in tho National Health Surv’oy of tho United States 
Public Health Service. This is a most valuable section, completed by an 
entertaining list of “ Haro Diseases Overemphasized in Medical Diagnosis " 
which warmed tho roviwer’s licart. 

Tlioro follow three sections, taking up about half tho book, dealing 
respectively with tho sj-mptoms, signs and laboratory investigations taken 
system by system. Each chapter lies cross references to tho second half 
of tho book, which boars tho title “ Differential Diagnosis of Major Disease 
Groups.” This is comprehensive, including dermatology and psyehiatry, 
and for tho most part follows conventional lines. Great efforts are, however, 
made to summarise tho deductive stops in tables. This method is carried 
much too far and too rigidly : it is tho least useful feature of tho book. 

Tlioro are many photographic illustrations, both in black and white and 
in colour, most of thorn oxcollont. Tho colour photographs of oral lesions, 
where, it must be admitted, tho technical difficulties from reflections aro 
very great, are a little disappointing. Tlioro aro in addition numerous 
lino drawings of great value : a striking oxamplo is tho series showing tho 
distribution of the commoner skin lesions. There are select references to 
each chapter, almost exclusively to American literature. 

This book represents a sustained effort to present a logical sj'stem of 
diagnosis and is full of valuable data and illustrations. The effort must 
have been of the greatest value to the autliors themselves and the book 
is well worth referring to by any physician in difficulty. It is doubtful, 
however, whether it will achieve its purpose of becoming an essential dally 
tool for the general practitioner. The attempt to systematise has been 
carried too far. In practice, medical knowledge has more often to be 
applied intuitively, according to art. 
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BtrsNET and Boake ( 1946 ) showed that the virus of mouse-pox 
(infectious ectromelia of mice) was closely related to vaccinia virus. 
Subsequent studies of the clinical signs and epizootic behaviour of 
the disease (Fenner, 1948 a) showed that it resembled the acute 
exanthemata of man in the relatively long incubation period and 
m the development of a rash which first became evident some days 
after the onset of the disease. An understanding of the pathogenesis 
of the acute exanthemata has been hindered by the lack of suitable 
susceptible laboratory animals which would allow direct studies of 
the human diseases to be made. In the absence of these direct studies 
it was thought that mouse-pox might be used as a model of the 
exanthemata, and investigations into its pathogenesis were therefore 
undertaken. This paper describes the macroscopic and histological 
S'Ppearances of the skin lesions of mouse-pox and the pathogenesis of 
the disease. 


Matebials A2a> methods 

/ 

Two strains of ectromelia virus were used, the “ Hampstead ” strain of 
larchal (1930), which had undergone at least fifty egg passages at various 
unes between 1936 and 1947, and the “ Moscow ” strain, of which the first 
®gg-pnssage material was used. Stock virus was prepared firom infected 
cnono-aUantoic membranes, and virus titrations were carried out on the 
c orio-allantois by the pock-counting method (Burnet and Lush, 1936) and 
o so by the intraperitoneal and pad inoculation of mice. 

Research Fellow, Department of Experimental Medicine. The 
ersity ot iSIelbourne. 
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Antibody levels ■were estimated by the lirrmagglutinin-inliibition test, the 
ectromolin nntihremngglutinin (E-AHA) tilres being expressed ns the reciprocal 
of the dilution of scrum in 1 per cent, fowl crj’throcyto suspension which would 
permit partial agglutination of the latter by four hremagglutinating doses of 
virus. 

All mice were bred in the Hall Institute moase room, and were used when 
eight weeks old. Tlio stock is hctcrogenctic and free from serious enzootic 
diseases. 

In the principal experiments upon which the hypothesis of the pathogenesis 
of mouse-pox is based, 120 mice were inoculated in the pad of the left hind 
foot with 0-05 ml. of a 10"' suspension of Moscow ectromclia virus containing 
about 500 infective particles * ; at another time CO mice were inoculated with 
about the same amount of the Hampstead strain of virus. At daily intervals 
two mice in each group were killed by bleeding from the axilla. Senim 
was saved for antibody titrations, and 0'5 ml. of blood was mixed with a 
similar volume of sterile citrate saline, namely 2 per cent, sodium citrate- 
(Na 3 CcH 50 j. 2 H; 0 ) in 0-9 per cent. XaCl. At certain times additional moribund 
animals were also killed. With separate sterile instruments for each operation 
tho inoouiated foot, a picco of skin from tho abdominn} Rtirfaco about duo square 
centimetre in size, and tho spleen were removed. After thorough grinding of 
tho minced tissues in pestles and mortars with a small quantity of sterile 
alundum, an approximately 20 per cent, suspension of each was made in normal 
saline containing 10 per cent, horse scrum. To detect low concentrations of 
virus, 0-5 ml. of tho original 20 per cent, suspensions and of a 1 in 100 dilution 
of them was inoculated intrapcritoneally into two mice. Specific lesions in tho 
liver and spleen at death or when tho mice were killed 12 days after inoculation, 
and in tho absonco of such lesions positive scrologicdl tests, wore taken ns 
ovidonco of infection. High dilutions of tho suspensions were titrated on tho 
chorio-nllantois of 11- or 12-day-old eggs. Hundredfold serial dilutions were 
made by adding 0-05 ml. to 5 ml. of normal horso scrum-saline with a marked 
Pastetu- pipette, which was not washed or changed during the series of dilutions. 
Two or throe eggs wore inoculated with 0-05 ml. of each dilution and examined 
for specific lesions with a plate microscope after three days’ incubation at 35° C. 

AMien tho mice were killed, a second piece of skin was removed from tho 
abdominal surface and fixed overnight in formol-salino. Sections were sub- 
sequently cut and stained with hoematoxjdin nnd eosin and with Mann’s 
stain (eosin-mothyleno bluo) to demonstrate tho cytoplasmic inclusion bodies 
of ectromelia. 


The accuracy and sensitivity of virus titration 

Stone and Burnet (1946) demonstrated that, both in tho chorio-allantoio 
membranes and in tho rabbit slun infected with vaccinia virus, tho amount 
of Inemagglutinin is not a reliable index of tho virus content. Destruction of 
hfcmagglutinin and its neutralisation by antibody both play a part in the 
dissociation of hremagglutinin level from virus concentration. In preliminary 
experiments with ectromelia virus, similar discrepancies were found and in 
addition h®magglutinin could not be detected imtil the concentration of virus 
was liigh (about 10® ID^o por g.). Hrcmagglutiiiation was not, therefore, a 
satisfactory technique for determining the mechanism of infection in mouse-pox. 
Titration by the intrapcritoneal or pad inoculation of mice was sensitive and 
fairly accurate if serial tenfold dilutions of suspension were inoculated into 
groups of 3 or 4 mice, but it was slow and laborious nnd required largo numbers 


* Except where tho chorio-allantoio level is specifically mentioned, one infective 
particle = one 50 per cent, infective dose (IDjo) for the mouse. 
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of mice when at least eight suspensions of unknown virus content had to be 
titrated each day. Cliorio-allantoic titration is rapid and accurate if six eggs 
are used at each dilution, but this required more eggs than could bo handled. 
Tlie combination finally adopted was to titrate suspensions at low dilutions 
(O'o ml. of the 20 per cent, suspension and a 1 in 100 dilution thereof) by the 
intraperitoneal inoculation of mice, and prepare luuidredfold serial dilutions 
from 10~* or 10"- to 10“® and titrate them on the chorio-allantois, two or three 
eggs being used at each dilution. 

Tlie accurac}' and sensitmty of these methods of titration have been 
determined and an estimate made of tho magnitude of a significant difference 
between two readings. A suspension of infected membranes (JIoscow strain 
of virus) was carried tlorough serial tenfold dilutions in normal saline containing 
10 per cent, horse serum, ■with a clean pipette for each dilution. Between the 
tenfold dilutions from 10~' to 10~® twofold dilutions were made to pro'vide 


concentrations of 10-«•^ 10-‘-®, 10-'-=*, lO-’-®, lO"®'®, and lO-®'®. This operation 
was carried out twice and twelve eggs were inoculated ■with 0-05 ml. of each 
10'® dilution. Six mice were inoculated in the pad of the hind foot ■with 0-05 ml. 
of each dilution from 10“' tlirough twofold dilutions to 10“*. The egg membranes 
were examined ■with a plate microscope after three days’ incubation at 35° C. 
and the pocks counted. Post-mortem examinations, confirmed if necessary 
by estimation of the E-AHA titre of the serum, were carried out on all survi\-ing 
nuce thirteen days after inoculation. 

The ■virus content of the suspension for the mouse inoculations, estimated 
by the method of Reed and Muench (1938) was lO*'’'-* infective particles per 
nil. The mean numbers of pocks counted on replicated chorio-allantoic titration 
of the 10“® suspensions were 32-l±10-4 and 31-6il2-9, giving a concentration 
of 10®'®“ infective particles per ml. The concentration as determined by the 
pad inoculation of mice (and in other experiments intraperitoneal inoculation 
gave closely comparable results) was therefore 1-43 log. emits, that is about 
2" times higher than that obtained by chorio-allantoic titration. This result 
15 the reverse of that obtained by Burnet and Lush ■with the Hampstead strain 
of virus, but other experiments indicated that the difference was due not to 
the strain of virus used but to the limited criteria of infection of mice available 


to the earlier workers, namely specific death or post-inortem lesions. 

The accuracy and reliability of ■virus concentrations estimated by serial 
himdredfold dilutions, using the same marked 0-05 ml. Paste^ur pipette throughout 
without washing, was next determined by making ■t^ series of dilutions from 
to lO^'® of the same preparation of virus as was used in the pretdous tests, 
two eggs being inoculated at each dilution. The pock counts obtained upon 
each pair of eggs inoculated ■with the 10”® dilution were averaged and the ■virus 


cracentration of the suspension was estimated from each set of figures obtained. 
The ten replicated titrations gave a mean value of infective particles 

per ml. Comparing the results obtained in the ten estimations made by this 
method of dilution and titration it can be seen that a difference of 2 x ■\/2 x 0-20 
og. imits, that is of 0-66 log. units or a 3-6-fold difference between two readings 
Would occur by chance only once in twenty titrations. 

Rapid titration ■without using clean pipettes for each dilution resulted in 
estimate of the virus concentration which was 0-41 log. units higher than 
at obtamed by careful titration on the chorio-allantois. This systematic 
ciTor is ■unimportant from the present point of view, but the relationship between 
c ono-^antoic figures obtamed by the “ rapid ” method of titration and 
is inoculation of mice is important. The latter method 

'03 log. units or about ten times more sensitive, 
o obtain a uniform method of expressing the ■virus content of the different 
si^ensions tested, the chorio-allantoic figure obtained in the manner described 
os mu tiplied by a factor ten to make it comparable -with the mouse-inoculation 
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figure and then by a figure of two (for blood) or five (for tissue Buspcasions) 
to compcnBnto for the dilution involved in making the original Huspensions. 
When the moupo inoculations only were positive, the virus content was estimated 
directly, weight being allotted to death times in deciding interpolations. Tho 
final concentration of virus is therefore expressed as tho number of infective 
particles (IDjj,) for tho mouse per ml. of blood or per g. of tissue examined. 

There was a further source of error of which no experimental estimate 
could bo made, namely tho diffcrcnco duo to variable efficiency in grinding 
tho tissues. This was largest for tho skin and smallest for tho spleen. In \'iow 
of tho regularity of tho results obtained it seems not unreasonable to consider 
that this error was of about tho same magnitude as that involved in dilution 
and titration of tho suspensions, so that tho total error involved is such that a 
tenfold diffcrcnco (I’O log. units) between two results would bo significant at 
tho 05 per cent, level. 


The clinical features or siouse-fox 

The outstanding clinical features of mouse-pox are the primary 
lesion and the secondar}' rash. The.sc were briefly mentioned in 
previous papers (Fenner, 1947«, 19476, 1948a) but no detailed 
description was published of their development or histology. The 
primary lesion occurs at tho site of entrj^ of the %’irus. The secondary 
rash is a widespread eruption which may involve the greater part of 
the body surface. The account which follows is based upon observa- 
tions made with the ^loscow strain of ectromelia virus ; the Hampstead 
strain produces similar but less severe lesions. 

The 'privmrij lesion 

When 350 normal male mice were exposed to contact infection 
with JIoscow ectromelia ^rirus in the course of several closed-epidemic 
experiments, infection was first recognised in 80 per cent. (280 
animals) by the appearance of the primary' lesion, in 12 per cent, 
by death, and in 8 per cent, by the appearance of the secondary 
rash. Table I shows the sites upon which primarj^ lesions were found. 

Tabu: I 


Sites of primary lesions of mousc-pox {Moscow strain) 
in 280 mice infected by contact 


Head (nose, clicok, nnglo of jaws, lips) 

55 per cent. 

Eyo 

18 

Foot (foro and liind) .... 

5 „ 

Belly wall ...... 

12 

Back ....... 

10 


The primary lesion appeared first as a locabsed swelling, on the 
upper lip, for example, surmounted by a minute breach of the surface. 
It rapiefiy increased in size, and oedema of the surrounding tissues 
was much more pronounced than in individual lesions of the secondary 
rash (fig. 1). A hard adherent scab formed over the site of t e- rimary 
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lesion, and a primary lesion several days old was usually quite 
prominent, being covered witli a tliiclc, dark'bromi scab under which 
healing progressed. After 7-14 daj's the scab fell off and the site 
of the primary lesion was then marked by a deep hairless scar which 
often persisted for the rest of the animal’s life. 

Histologically, advanced pathological changes were present in 
the earliest clinically recognisable primary' lesions. There was usually 
no obvious breach of the skin surface, but the dermis and subcutaneous 
tissue were oedematous and there was widespread and fairly intense 
lymphocytic infiltration of the dermis. Inclusion bodies were usually 
visible in the epithelium at the summit of the lesion. Ulceration 
occurred within the first day after recognition of the primary lesion, 
and in most cases the primary lesion was not diagnosed until ulceration 
had occmred. The ulceration was caused by necrosis of the infected 
epidermal cells, and within the next 24 hours widespread necrosis 
occurred through the dermis also, involving especially hair follicles 
and sweat glands. Nuclear debris, pyknotic nuclei and lymphocytes 
were numerous throughout the dermis, and there were many pus cells 
in the more superficial part of the lesion and in the scab. Healing 
occurred during the next few days with replacement of the dermis 
by fibrous tissue and growth of new epidenrds beneath the scab. 
From the earhest stages of the primary lesion the regional lymph 
nodes were enlarged and engorged, and on section necrotic foci could 
usually be found within them. 

To investigate the pathogenesis of mouse-pox it was desirable 
to inoculate a known dose of virus by a route comparable to that 
involved in the natural disease. Inoculation of 500 infective particles 
suspended in 0-05 ml. of fluid into the pad of one of the hind feet 
fulfilled these criteria, and the incubation period and course of the 
disease after such inoculations were identical with those observed in 
natural infections (Feimer, 1948a). The swelling of the foot was 
taken as the appearance of the primary lesion. 


The secondary rash 

The secondary rash was seen in 59 per cent, of 202 mice used in 
several experiments involving exposrue to infection with Moscow 
ectromelia virus. The majority of the animals in which no rash 
was seen died of the acute disease, usually 7 or 8 days after their 
first exposure. A few very early lesions were seen in a number of 
acutely fatal cases, especially in mice which lived for 9 or 10 days 
after infection. A few mice which had shown florid eruption of the 
rash died later, but the great majority survived. Table H shows 
the proportion of mice in each of these categories among those that 
died and those that survived infection. 

In mice with a severe rash, individual lesions appeared aU over 
the smface of the body ; conjunctivitis was almost invariable ; ulcers 
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were common on the tongue but, rare on other parts of the buccal 
mucosa ; and lesions were not found on the nasal mucosa. Focal 

Tadlk II 


The incidence and severity of secondary rashes in 202 mice exposed 
to infection udth movse-pox (Moscow strain) 


I 

Fatil cn“C5 130 

. 


1 

I No m,:}i . . . 

1 A few verj’ cnrly lesions .... 

' Jlodcrnto rnsh ...... 

1 Sovoro rnsh ...... 

C2 per cent. 

30 

0 

8 

3 per coat. 

* »» 

30 

31 


multiplication of the virus was fairl}^ common in the intestinal 
epithelium (Greenwood ct' ah, 193C) and was occasionally noted in 
the Iddneys, lungs, pancreas and elsewhere. Tlie fully developed 
rash is shown in fig. 2. 

Times of appearance of the primary lesion and the secondary rash 

The times of appearance of these lesions were studied in a large 
number of mice inoculated in the pad of the hind foot ^vith 500 infective 
particles of either Moscow or Hampstead cctromelia vims. Tlie hair 
of the abdominal wall was shaved and all the mice were examined 
daily. Similar time intcnmls v'ere observed in experiments involving 
short periods of exposure to contact infection (Fenner, 194Sa). The 
figures (table III) show that the intervals between inoculation of a 

Tablk m 


The time relationship of the clinical signs of moitsc-pox infection produced by 
the inoculation of 600 mfcctivc particles of virus into the pad of the 
hind foot 


Time from inoculation until 

Moscow strain 

Hampstead Ftraln 

Time (days) 
±SD 

Xumlicr of 
obscr\*ntlons 

Time (days) 
±SD 

Jvumber of 
obeer\*atlon3 

swelling of the foot . 

7-3±0-8 

70 

8-0±0-8 

20 

secondary rash 

9-5±0-7 

38 

ao-i±o-7 

18 

death without secondary 

8-8±0-8 

34 


0 

rash 





Interval between appearance of 


primary lesion and second- 

2-l±0-9 

38 

l-9±0-8 

18 

ary rash 





primarv lesion and death 

l-8±0-8 

34 


0 

^ without secondary rash 






standard dose of virus and the appearance of the primary lesion 
and secondary rash were relatively constant, and were shorter with 
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Fig. 1. An early primary leaion beneath the eve of a motive CKpo-ecl to infection with 
ectromelia virus (Aloicon strain) 7 claj-s before. Comparison with the normal 
mouse on the right shell's the snellmg of tho face clue to oedema round the pnmary 
lesion, A late primarj- lesion is figured in a previous article (Fenner, 1948<i). 



-A moderateli =eiere secondan rash of mou=p nev 
o\po-,ed 11 dais earlier to infection* with ectromelia i iru' ^ mouse 

skin oier the belli wall has been depilated 
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the Moscott than ■\vith the Hampstead strain. It is also apparent 
that in fatal cases without a secondar}’ rash the animals died just 
before the first lesions of the rash usuallj* appeared. It 'will be shown 
later that this is wh3’' a rash failed to develop in these acutelj' fatal 
cases. 


Morbid anatomy axd histology 
The secondary skin lesions 

The appearance and development of these lesions and their 
histological features were observed in the two experiments from 
which figs. 3 and 4 were derived. The following description applies 
to mice inoculated with the Moscow strain of virus. The hair on the 
bellies of the mice was shaved so that the evolution of the lesions 
could be carefully observed. 

Individual lesions were first seen on the 9th day as slightly raised 
pale areas of skin two or three mm. in diameter. They increased in 
number during the next 24 hours, and could then be felt in the skin 
of the back as small nodules. During the next day the lesions increased 
in size and new ones appeared. Ulceration began on the 11th day 
and within the next 24 hours the mature pap'ules were converted 
into ulcers -with adherent scabs by the massive necrosis of the epithelial 
cells. Healing occurred beneath the scabs, which fell off about the 
18th day, leaving hairless scars. Animals which developed severe 
secondary rashes still showed hairless patches a year after recovery 
from the infection. 

Histologically, no abnormality was seen in sections of skin imtil 
the 7th day. A few small localised areas were then noticed in which 
the epidermis was slightly hyperplastic and the basal cells appeared 
swollen, with dark-staining nuclei surrounded by vacuoles (fig. 5). 
In some of these swoUen cells cytoplasmic inclusion bodies could be 
found in sections stained by Mann’s method. The dermis and the 
superficial layer of epidermal cells were normal. The appearance of 
these early lesions was very similar to that described by Dible and 
Gleave (1934) in the earliest skin lesions of generalised vaccinia in 
man. On the next day these areas of proliferation and oedema were 
much wider, but the greater part of the skin was normal in appearance. 
Peripheral spread from the original foci had apparently occurred. 
Inclusion bodies and a few pyknotic nuclei could now be seen in 
the epidermal cells of the superficial as well as the basal layers nurl 
m cells of the adjacent hair follicles and sweat glands. There was 
stUl no change in the dermis. 

By the 9th day these areas of affected cells had become apparent 
the naked eye as pale slightly raised papules. Fresh foci appeared 
m the intervening areas of previously normal skin and the papules 
became much more numerous. By the 10th day there was necrosis 
of the superficial cells of some of the early lesions. There were 
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pj^knotic nuclear fragments in the epidermis and around the bases 
of the hair follicles, and the underlying dermis showed for the first 
time a considerable increase in cellularitj* due to the infiltration of 
lymphocjiics (fig. G). On the 11th day the foci of infected epidermal 
cells had become semi-confluent and there was widespread involvement 
of the dermis, with oedema and Ijunphocytic infiltration, especially 
around the necrotic cells of the hair follicles and sweat glands. Some 
of the cells in the dermis contained inclusion bodies. Necrosis of the 
superficial epidermal cells now caused ulceration of the papules. 



RASH- Affeorance -<P&nUS-»+UlCCRAION«*5aK»«-t1CAlID 

- Inclusion Bodies NIL — + + 4t'H + + — 2: Nl. 

Fic. 3. — Grovrth curves of Hnmpstoaci cotromelia virus in tho foot, and in tlio spleen, 
blood and skin of raico inoculated in tho iiind foot Tvith 500 infective particles 
of virus. 


and rapid lateral extension of the surface necrosis converted them into 
ulcers with closely adherent scabs. The dermis was considerably 
thickened owing to cedema, lymphocytic infiltration and the accumula- 
tion of nuclear debris. The scabs extended laterally over normal 
skin, and many polymorphonuclear leucocytes could be seen in their 
superficial layers (fig. 7). The lesions progressed in tliis waj^ until 
about the 15th day, when growth of new epithelium under the scabs 
became evident. By the ISth day epidermal heahng was complete, 
but the epidermis was several cells tliick and there were no sweat 
glands or hair follicles. The dermis was stiU thickened and heavily 
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infiltrated witli lymphocjdes and fibroblasts. By the 24th day recovery 
vas complete except for the absence of hairs in the scar areas. 

Conjunctiviiis 

In many acutely fatal cases the mice developed unilateral or 
bilateral conjunctivitis on the day they died, and the same lesion 
was seen fairty often in survivors with early lesions of the rash. The 
conjunctival discharge was highly infectious (Benner, 19476), and 



Fig. 4. — Qroirth curves of Moscow ectromelia virus in the foot, and in the spleen, 
blood and skin of mice inoculated in the hind foot with 500 infective particles 
of virus. 

sections of the eyelids showed munerous inclusion bodies in the 
epithelial cells of both conjunctiva and skin. In these animnlg the 
conjunctivitis was part of the secondary rash, and it could easily be 
distinguished from the unilateral conjunctivitis associated with a 
primary lesion of the eye by the absence of oedema of the lids and 
surrounding skin which characterised primary lesions. 

The gkowth cuhves of the vrEijs ih diffeeent oegaits 

Bigs. 3 and 4 show the results of daily titrations of various organs 
for their virus content. The experiments from which these fi^es 
were derived are described under “ Methods and materials.” Ordinates 
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are logarithmic and the lime intervals are plotted arithmetically. 
Smooth curves have been drawn through the plotted points with 
some degree of freedom, for the data were derived from a largo number 
of animals and the problem in which wo are interested is the progress 
of infection in a hj’pothetical standard mouse. 

The curves obtained from the experiment with the Moscow strain 
of virus udll be discussed in some detail. The Hampstead strain 
gave essentiall}' similar results, but the virus concentrations were 
always somewhat lou-er. 

The 2i>'ogrc3s of infection through various organs 

Virus was first detected in the inoculated foot, then on the 4th 
day in the spleen, on the 4th and 5th day in the blood, and on the 
Gth daj' in the skin. As these data were not sufficiently detailed to 
enable a clear picture to be drawn of the patliogencsis of the natural 
infection, another experiment was carried out in which a number 
of mice were infected with the Moscow strain bj' rubbing a cotton-wool 
swab soaked with a concentrated suspension of virus on the right 
pinna. At intervals of hours and then of days after infection two 
mice were lulled and the pinna, the draining cervical Ijunph node, 
the liver, spleen, and blood were tested for virus by the intraperitoneal 
inoculation of pooled tissue suspensions into mice. No attempt was 
made to titrate the virus content of the suspensions, but the method 
adopted, consisting of the inoculation into each of two mice of half 
the 20 per cent, suspension obtained by thorough grinding of the 
organ, ensured that even a very few virus partieles would be detected. 
The intervals till death gave a rough measure of the amount of virus 
inoculated, and weight was given to them in constructing table IV, 
which shows the results of this experiment. 

T^ujur: IV 


Occurrence of virus in several organs at intervals after infection hg the 
application of Moscow cctromelia virus to the car 
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Virus multiplication in the foot 

Between the Ist and 8th day after infection the virus content of 
the foot increased logarithmically. After the 8th day the curve 
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Mot SK-I'OV (INFFCTIOIS VCTIIO'UUV) 



Fig. 5. — Section of skm of abdominal wall of a mouse 7 da\s after infection m the 
foot with JIoscow ectromelia virus. The earhest lesion of the rash of mouse-pos. 
Localised area of epidermis showmg slight proliferation, cedema and vacuolation 
of the epidermal cells. A few cytoplasmic mclusion bodies could be seen m 
sections stamed with Alarm’s stam. The dermis is normal. Htematosylm and 
eosm. X 425. 



Fig. G — Section of skm of abdoramal wall of a mouse 9 days after mfeetion m the 
foot Mith Moscow ectromelia \irus Xecroais of epidermal cells, especially the 
superficial la\ er, and of cells of hair follicles is ei ident. There are many nuclear 
fragments and a few l\-mphocjtes in the dermis, especialh m the region of the 
necrotic hair follicle- Haimato\.j lin and eo-m. y ll.j. 
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flattened out and the concentration of virus remained approximately 
constant between the 9th and 14th day, although there were con- 
siderable individual variations in the different mice tested. After 
the 14th day, when the antibody titre reached its peak, the virus 
concentration fell steadily at about the same rate as it had risen. 
In most mice virus was not detected in the foot from the 24th day 
onwards, but occasional results were positive until the 31st day. 

The inoculated feet remained normal in appearance until the 
7th day, when there was a very slight degree of swelling. This point, 
which constituted the first chnical emdence of infection with mouse-pox, 
was taken as the end of the incubation period, and it corresponded 
to a very high concentration of virus in the foot. CEdema increased 
to reach a maximum at the 10th daj*. Ulceration then occurred, 
followed by scabbing and secondary bacterial infection, and the 
foot healed sradually until the scabs finally fell off about the 
24th day. 

With the Hampstead strain the form of the curve was similar, 
hut the maximum titre was less and the foot lesions, which were less 
severe, healed more rapidly. 


Firas multiplication in the spleen and vircemia 

On the 4th day after infection, virus was demonstrated in the 
spleen and in very small amount in the blood. A period of logarithmic 
multiplication followed, and in certain animals the concentration of 
rirus in the spleen reached the very high level of 10^® infective particles 
per ml. Such high values were attained only in moribund animals, 
or in cases in which the severity of the lesions of the liver and spleen 
indicated that, although apparently healthy when killed, the mice 
would shortly have died. In the other animals a stationary phase 
^as reached at a level of 10® infective particles per ml. on the 7th day 
and this was maintained untU the 10th day. Thereafter, coinciding 
with the rapid increase in circulating antibody, the virus concentration 
m the spleen declined rapidly and none was found after the 16th day. 

Large amounts of virus in the blood were found only in moribund 
animals. In all cases the virus concentration in the blood corresponded 
fairly closely, at a much lower level, with the virus concentration 
m the spleen, presumably because virsemia is due to continual liberation 
of virus from infected cells of the spleen and fiver, and probably the 
bone marrow also, by necrosis of cells fining the sinusoids of these 
organs. Virus rapidly and permanently disappeared from the 
circulation when the antibody titre reached its peak. One thin sick 
mouse without clinical evidence of healing of the gkiri lesions was 
killed on the 16th day ; it showed a high concentration of virus in 
the foot and skin, and virus was still present in the spleen and blood. 
The ^ution phenomenon was evident with the blood, for the 
‘ undiluted ” material (actual dilution 1 in 2) gave a negative result 
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and the blood diluted 1 in 200 caused infection of the inoculated mice. 
The E-AHA titro of the scrum in this animal n'as 1000. 

No macroscopic change was evident in the spleen until the Cth day, 
when the organ appeared engorged. Next daj’ the spleen was 
completelj' necrotic in the two moribund animals examined, and 
var^ang degrees of change from a few foci to complete necrosis were 
seen each day until the 13th. Thereafter the spleen was usually 
pale in colour and any necrotic foci were gradually replaced by fibrous 
tissue. After the 18th daj’ the spleen appeared normal, or there were 
patches of fibrosis and small rai.scd plaques scattered over it. 

With the Hampstead strain the curves for vims concentrations 
in the spleen and blood followed similar courses, but rose less rapidly 
and to a lower level (10® infective particles per ml.) than with the 
Moscow strain. In two moribund animals killed on the 9th day, 
however, the wus content of the spleen and blood was almost the 
same as in a moribund animal Icilled on the Dth daj' of the experiment 
with the ^loscow strain. ^Macroscopic lesions of the spleen were much 
less severe than with the Moscow strain, except for the two moribund 
animals just mentioned. 

Virus invltiplicadon in the skin 

The curve showing the virus content of the sldn and its relation 
to \isible lesions of the skin and to the occurrence of inclusion bodies 
in the epidermal cells is of considerable interest. Virus was first 
demonstrated in the skin on the Gth day. It then increased rapidly 
in a logarithmic manner until the 8th day. From the 9th until the 
13th day the vims concentration remained stationary at about the 
same level as had been attained in the spleen, and then fell steadily 
until, from the 18th day onwards, it could not bo detected. 

As in the case of the primary lesion of tlio foot and necrosis in 
the spleen, macroscopic changes in the skin were not seen untU the 
vims concentration had reached its maximum level, on the 9th day 
of the experiment. The clinical course of the rash in this experiment 
wras described in an earlier section. The relationship between virus 
content, macroscopic appearance and the number of inclusion bodies 
in the epidermal cells can be appreciated by a studj’’ of figs. 3 and 4. 
Fig. 8 show's widespread infection of the epidermis without visible 
lesions of the skin. 

As ■with the other organs, the curve for the virus concentration in 
the skin in the experiment %vith the Hampstead strain followed the 
same course as in the Moscow strain experiment, but the maximum 
was lower. The sldn lesions were less numerous, less extensive and 
less severe, they healed more rapidly and inclusion bodies were much 
less numerous in animals inoculated with the Hampstead strain. 

The occurrence of many papules which increased in number for 
two or three days and the -widespread but focal distribution of the 
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Fig. 7. — Section of '■Uin of ulHlomtnal «i.U of a mou-'O 14 cia\s aficr infection of the 
foot ^Mth Mo'cow cctrom^lia virn«. The dermis is thickened and densely infiltrated 
M'lth KTnphoeytes. Xo hair follicles can be «een. .A thick scab is adherent to 
the necrotic epidermis on the left and on the npht cstend- over regeneratmg 
epidermis. Htematosyhn and eo-in. x 115. 



Fig. 8. — Section of skin of abdominal nail of a mouse which died 7 davs after the 
inoculation of a large dose of Moscow ectromelia \nrus in the foot. MacroseopieaUv 
the skin appeared normal except for a few small macules. Almost even- cell lii 
the epidermis and the hair follicle in the section illustrated contams one or more 
inclusion bodies. The dermis appears normal. Alaim’s stain. X 220. 
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lesions indicate that infection of the epidermal cells must have resulted 
from a massive dissemination of virus through the blood stream. 
It is most unlikely that the primarj’ viraemia "which resulted in infection 
of the spleen caused this, for the amount of virus -would be too small. 
The time relations of the curves indicate that the infection of the 
skin "was due to the secondary virmraia associated with cellular necrosis 
in the liver and spleen. 


The development of serum antibody 

No antihsemagglutinin was detected until the 7th day. It then 
rose logarithmically to reach its peak on the 14th day, and declined 
slowly thereafter. The response with the Hampstead strain of -virus 
vas similar. 


The DEVEIiOPJIEiJT OF SKK HYPERSENSlTIViTir TO 
ECTBOMELTA "VIB-OS 


It is evident from what has been said that the rash of mouse-pox 
IS due to multipbcation of -virus in the epidermal cells and their 
subsequent necrosis. Many suggestions have been made that allergy 
P uys some part in the development of the rash of the acute 
exanthemata, ranging from the -view that the rash of the acute 
esa^hemata (e.g. measles) is the expression of an allergic response 
0 t e virus (von Pirquet, 1913), to Burnet’s (1940) suggestion that 
e points of weakness in the skin and mucous membranes which 
permit multiplication of the virus in these sites are due -to a primaiily 
allergic reaction there. 


An experiment was carried out -to determine the time of appearance 
ot an allerpc response to ectromelia -virus. Groups of three or four 
unce were inocula-ted in the left fore foot -with 600 infective particles 
u a saline suspension of Hampstead ectromelia virus prepared from 
membranes. At dady intervals from the 4th to the 
tn day O-Oo of a saline suspension of mouse liver containing 
■ mfective particles of Moscow ectromelia -vimR was i-nnp.iiTpf^d 

m the pad of the right hind foot and 0-05 ml. of a saline suspension 
ot normal mouse liver in the left hind foot. The feet were examined 
SI? the degree of enlargement noted. The fore feet inoculated 
Hampstead virus became swoUen after the usual incubation 
penod of 7 or 8 days. At most there was slight swelling on the first 
ft? moeulation of the normal mouse liver in the left hind 

bepu ft enlargement of the right hind foot, which had 

^n inoculated with the concentrated suspension of Moscow ectromefia 

from i Various intermediate groups are omitted 

om the figure for the sake of simplicity. 

died^ although aU non-immunised controls 

It™ t 

the animal died after several days’ sS^s oStht"l3aLy°S: 
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days after the inoculation of the Moscow virus. Some degree of 
general immunity was therefore conferred by the inoculation of a 
small dose of Hampstead virus four days before the test inoculation. 
However, there was no evidence of local immunity, that is to say 
any alteration in the response of the inoculated feet to the test 
infection, until the interval between inoculations was si.v days. In 
tliis group the swelling progressed normally until the 4th day and then 
regressed. There was local evidence of immunity, therefore, on the 
10th day. 



Fig. 9. — ^Tho dovolopmont of immunity nnd nllorgj* in mou‘;o-pox is sliown by tlio 
progress of eniurgomont of tho hind foot inoculated with concentrated Moscow 
ectromolin \-irus at intervals of 4, C, 7, 9 nnd 14 dn3's after infection in another 
foot vrith a small dose of tho Hampstead strain of tho samo virus. Tho 4-day 
curvo represents tho reaction of normal mico nnd tho 14-dny curve tho reaction 
of completely immune animals. 


The development of allergy was first seen in the seven-daj’’ group, 
in which a slightly accelerated response occurred on the 3rd day 
after the inoculation of the test dose of virus, that is ten days after 
the initial infection. Both immunity and allergj’^ rapidly increased 
and 14 days after primary infection with the Hampstead strain there 
was a brisk allergic reaction which reached its peak within 12 hours, 
the foot regaining its normal size by the 3rd day. 

Skin hypersensitivity thus appeared about the same time as local 
immunity, and at a time when the E-AHA titre was increasing rapidly, 
i.e. about ten days after infection. It seems unlikely, therefore, that 
allergy plays any part either in localising virus in the skin, as generalised 
infection of the sldn occurs on the 6th day, or in the development 
of the rash. 
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Route of koctiiatiox A>rD time of affearakce of the eash 

The experiments described earlier showed that a period of 2-3 days 
elapses between natural infection or pad inoculation and the primary 
virsemia which initiates infection of the liver and spleen. If a dose 
of virus is inoculated intravenously this period of delay should be 
eliminated — that is, from inoculation the disease should follow a 
course as if it had begun at about day 3 on figs. 3 and 4, with con- 
sequent earlier appearance of the rash. 

This was tested by inoculating groups of mice intravenously and 
in the pad of the hind foot with 0-05 ml. of suspensions containing 
500 and 5x10® infective particles of Hampstead ectromelia virus, 
and examining them dad)’ to determine when the rash appeared. The 
results (table V) are exactly as predicted. The incubation period 

Tabix V 


Effcci of dosage and route of inoculation of Sampstead eciromelia virus 
on the times of appearance of the primary lesion and secondary rash 


1 . Dose 

Eonte of Inocnlation 

Time of appearance (days) of 

1 (no. of infective particles) 

primary lesion 

secondary 

500 . . . 1 

pad 

intravenous 

S--±0-S 

I1-5J-0-2 

9 0 ±0-5 

5X10' . . . 1 

pad 

intravenous 

o-7i0-5 

... 

9-2i0-7 

7-0±l-0 


depended on the dose, but in both groups the animals inoculated 
mtravenously developed a rash 2-3 days before those inoculated in 
the foot. 


Interpretation ol these findings 

The results of these experiments can be integrated and a hypothesis 
developed of the pathogenesis of mouse-pox, the essential features 
of which are shown in fig. 10. 

Natural infection is initiated by the entrance of a few virus particles 
into the skin of the mouse through an abrasion, which may be minute, 
effect is closely simulated by the inoculation of a small dose of 
tdrus into the pad of the foot. As McMaster and Hudack (1935) 
pointed out, intradermal inocula at once enter the lymphatics. Both 
in the natural disease and after pad inoculation, virus is carried by 
the lymphatics to the regional lymph nodes, where it can be demon- 
strated within eight hours of mfection. After an initial lag phase, 
not investigated in these experiments, virus multipfication proceeds 
in a logarithmic fashion in the primary lesion and in the draining 
lymph node. When the concentration of virus in any organ or tissue 
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reaches a level of about 10" infective particles per g., macroscopic 
signs of infection appear in that organ. This occurs on the 7th day 
in the primary lesion and the swelling that results constitutes the 
first clinical evidence of infection, marking the end of the incubation 

period. Ulceration of the primarj' 

DAY /Pdd inoculation 

0 a mou.se becomes infectious for the 

\yX\ oKin . invasion ^ 

r ^ mulMflMion 

^ Rcoional lumbK no<k cubation period there is an orderly 
/ ^ sequence of multiplication and 

*r * dissemination of virus. Jlultiplica- 

tion of virus in the regional IjTnpli 
^’Intravenous node and the constant addition of 

2 1 1 inoculation virus from the primary lesion results 

I y uloodstream . jsrimaru Jn necrosis of the cells of the lymph 
I viraemia node and the passage of idrus 

3 through the efferent lymphatics to 

V^j\S|3lcen-» Liver the blood stream. It is usually 
^ \ multijilication impossible to isolate virus from the 

J ^ .‘/necrosis blood stream at this stage, for the 

4 V ^ few particles which enter it are 

tji j w..- j probably taken up rapidly by the 

Dioodstreain .* secondaru macrophages of the liver and spleen, 
5 Viraenna possibly to a slight extent by 

those of the bone marrow also. 
\ \\ Virus can be isolated from the liver 

6 SWn.'focdliniech'on and spleen on the 3rd day and it 

^ r \ ' , . ' multiphes rapidly in both organs. 

V tnulh-Hicdfion Necrosis of infected cells lining the 

i ( sinusoids liberates \drus directly into 

y yy the blood stream. By the 4th or 5th 

day this release of virus exceeds the 
Fio. lO.-Tho pathogenesis of mouse- capacity of the cells of the reticulo- 

progress of infection, during tho ©ndotllBlial systGlB. tO dlspOSG O 
incubation period. and the period of virannia is estab- 

lished which lasts until the 13th day. 


SWn.'focdl infpch'on 
mulh'jJicdl’ion 


Fio. 10. — Tho pathogenesis of mouse- 
pox : a diagram illustrating tho 
progress of infection during tho 
incubation period. 


Virus distributed in this way is localised in several situations ; almost 
invariably in the basal epidermal cells of the sldn, commonly in the 
cells of the conjunctiva and near the lymph follicles of the intestine, 
rarely in the kidnej^s, lungs, submaxiUary glands and pancreas. In 
the skin the virus multiplies rapidly in the cells of the epidermis, hair 
follicles and sweat glands, and when it reaches the critical level of 
about 10’ infective particles per g. on the ninth day, pale flat papules 
appear which progress to ulceration in a few days. Several crops of 
pVin lesions appear and merge into one another. This period, 
characterised by the liberation of large amounts of virus into the 
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envirottment, is the most infectious stage of the disease (Fenner, 
19476). 

Intravenous inoculation of tlic virus eliminates the initial stages 
of invasion via the hunphatics, and mth the same dose of virus the 
infection develops and the rash appears two or three days earlier 
after intravenous inoculation than after pad inoculation. 

In acutely fatal cases of mousc-pox the concentration of virus in 
the liver and spleen reaches the very* high level of infective 
particles per g. The massive necrosis of infected cells of the liver 
and spleen causes death, which usually occurs on the 7th, 8th or 
9th day with the doses under discussion, that is, too early for the rash 
to have become evident. This explains the obser^'ation noted in 
table n that in most acutely fatal cases 9 rash was not detected. 
Titration of the skin of these fatal cases and examination of suitably 
stained sections [e.g. fig. 8) show that the virus content of the skin 
may be very high. 

Circulating antibody, presumably including other types of antibody 
as weU as the antihsemagglutinin used as an index, first appears on 
the 7th day and increases logarithmically between the 7th and the 
12th day to reach a maximum by the 14th day. It prevents the 
infection of new cells, the virus content of aU tissues and organs falls 
rapidly and the virus can no longer be demonstrated in the internal 
organs or skin after the 18th day and in the foot after the 30th day. 

Discnssiojr 

The growth curves of ectromdia virus in the mouse 

The growth curves of animal viruses have been investigated for 
various viruses and rickettsise grown in the chick embryo, namely 
influenza virus (Burnet, 1941 ; McLean et al., 1944 ; Sigurdsson, 
1944 ; Henle et al., 1947) ; vesicular stomatitis virus (Sigurdsson, 
1943a) ; equine encephalomyelitis virus (Bang, 1943) ; rabies virus 
(Sigurdsson, 19436) ; and in mice, namely influeiiza (Smorodintseflf 
and Ostrovskaya, 1937 ; Taylor, 1941) ; pneumonia vims of mice 
(Cumen and Horsfall, 1946) ; murine typhus rickettsia in the mouse 
(Ipsen, 1945). 

The most precise studies are those made recently by Henle et al., 
who adapted the one-step growth curve technique used for bacterial 
viruses to influenza vims infection of the allantoic membrane. They 
found a lag period of 6-9 hours during which multiplication of the 
virus occurred, and then a period of two hours during which the 
newly formed vims was released from the infected cells. K no measures 
were taken to prevent further infection of cells the “ steps ” quickly 
merged and the final curve was then similar to that obtained by 
other workers on the growth of viruses in the chick embryo ; i.e. after 
an initial lag phase there was- a period during which the virus content 
increased logarithmically. 

J. PATH. BACI.— TOI, II „ 
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The curves for virus increase in figs. 3 and 4 all show a logarithmic 
phase, and table VI shows the generation times (i.e. the times required 

Taulu VI 


The generation times * of cctromclia virus in different tissues 



IVrlotl of 

(days nHcr Inoinil.itlon) 

Gonrratlon time (Iiour») 

Orem or ll«me 

Mo-co«' ^tmln 
of vlni< 

Hamp'to.Kl strain 
of \ llU 4 

Foot 

2-8 

0-4 

10-1 

Skin 

0-8 

2-4 

2-G 

Sploon 

•1-7 

2-9 

C-S 

■1-0 (incltitling fiitnl cnxc*!) 


.-■•0 


• Tlic Koncratlon time Is tlie time required for a tnofold Inere.io. In vims coiieentratlon. 


for a two-fold increase in the virus eoncentration) for the two strains 
of ectromelia virus in tlio various tissues during this logarithmic phase. 
The slopes of the curves were determined by the method of least 
squares applied to all data available for the period indicated on the 
table. In table VII the generation times liave been worked out for 

Table 


The generation times * of i'arious viruses and rickettsiee (after several authors) 


virus or rlckcttsla 

Host nnd coinlltlons 

Genemtion 

time 

Author 

Eastern equino encophnlo- 
myelitis 

Cliick cmbrj’o, 8 daj’s old, 
35.30° C. 

30 minutes 

Bang (1943) 

Vesicular stomatitis 

Chick embryo, 7 dnj-s old, 
35-36° C. nnd 39-40° C. 

■rU ff 

Sigurds=on 

(19436) 


Chick cmbrj'O, 10 days old, 
35-30° C. 

40 „ 


Influenza B (LEE) 

Chick embryo, 1 1 dnvs old, 
35 and 37° C. 

08 

McLean et at. 
(1944) 

Rabies .... 

Chick cmbrj'O, 8 dnj's old, 
35-30° C. 

9 hours 

Sigurdsson 

(19436) 

Rickettsia mooscri . 

SIouso liver, intrnperitoneal 
inoculation 

o.f; 

ipsen (1945) 

Pneumonia virus of mice 

House hmg, intrannsal 

G „ 

Curnen nnd 

(PVJI) 

inoculation 


Horsfall 

(194G) 

Influenza 

Mouse lung, intranosal 
inoculation 

2-4 „ 

Taylor (1941) 


• The generation time Is the time rcQUircU for a two^fold Increase In virus concentration 


a number of viruses from graphs given by the authors quoted. In 
all cases the generation times were estimated from the logarithmic 
phase of the graphs. In calling the time required for a two-fold 
increase in virus concentration the “ generation time ” of the virus 
a number of complicating factors have been ignored. The method 
of estimation depends upon the number of infective particles which 
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can be detected in certain organs of a nximber of different eggs or mice 
at various intervals after infection. Variable factors xvliich have been 
ignored include : (o) the occurrence of non-infective virus particles, 
(6) aggregation of virus particles, (c) failure to release all virus particles 
from infected cells, (d) possible repeated addition of virus to the tissue 
under studjf (c.p. repeated infection of the mouse skin by vinis 
circulating in the blood), and (c) individual variations in the resistance 
of the eggs and mice used as the source of the virus. However, the 
figures determined indicate the order of the speed of reproduction 
of the viruses, and when comparisons are made between the generation 
times of different strains of the same virus in the same organ {e.g. the 
mouse spleen), many of the variables mentioned above are eliminated. 

It will be seen that the generation times of ectromelia vdrus in the 
spleen and in the skin are of the same order as those found for other 
viruses and rickettsias in the mouse. The rate of increase of virus 
in the foot is considerably less, and this is of considerable significance 
in relation to the time of appearance of the primary lesion. That the 
rate of increase of virus in primary lesions acquired by contact is 
much the same as in the inoculated foot is indicated by the similar 
incubation periods and the finding that in all organs and tissues 
macroscopic change is evident when the virus content reaches about 
10" infective particles per ml. 

The generation times of the Moscow ectromelia virus were uniformly 
less than those of the Hampstead strain, but the difference was 
pronounced only in the spleen. It is likely that the relative rates 
of growth of the two strains in the liver are parallel to those found 
for the spleen, to judge from hsemagglutinin titrations and the 
macroscopic appearance of the liver at different stages. This is 
probably of considerable significance in deciding the outcome of 
infection with the two strains. With both, the fiver and spleen are 
infected at the same time, on the 3rd or 4th day. The more rapid 
multiplication of the Moscow strain in the liver and spleen results 
in high vims concentrations being attained in these organs before 
antibody production begins, and the resulting massive necrosis of the 
infected cells results in death of the infected mice. 

Although the generation times of the two strains in the skin are 
the same, the skin lesions are much more severe with the Moscow 
strain. This is probably due to the much more widespread focal 
infection of the skin in consequence of the much higher virsemia 
characteristic of that strain. This in its turn is a consequence of the 
higher virus concentrations in the fiver and spleen associated with 
the Moscow strain. 

On the 8th or 9th day a new influence exerts a decisive effect upon 
the course of the disease. If this were not so it would be a matter 
of oMy a few days before the concentrations attained by the Hampstead 
strain reached the same high levels as those reached by the Moscow 
strain, with corresponding slightly delayed but equally severe lesions 
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and similar death-rate. Tlie new influence could not bo the exhaustion 
of susceptible cells, for both strains reach very high concentrations 
in the spleen and liver of acutely fatal cases. Antibody was first 
detected about this time and its titre increased logarithmically between 
the 8th and the 14th day, that is, the stationary phase of virus 
multiplication. But logarithmic multiplication of the virus did not 
continue to the point where interference until the function of the 
liver and other organs caused death from necrosis of their cells — 
that is, logarithmic multiplication ceased before the concentration 
of virus in the spleen reached 10'° infective particles per g., and the 
cessation was probablj* due to the increasingly effective action of 
antibody in preventing the infection of additional cells. At the end 
of the stationary phase most of the virus in the host was shed, either 
externally in the discharge from skin lesions or intcmall}' b}’ necrosis 
of the cells of the infected organs. As further infection of cells was 
now prevented by antibod 3 ', the concentration fell rapidlj' until the 
\’irus was eliminated completclj’. 

That this is not the complete or onlj’ explanation of a virus growth 
curve consisting of a phase of logarithmic multiplication, a stationary 
phase and a phase of logarithmic decline in concentration is indicated 
bj' Burnet’s (1941) experiment on influenza-^^rus infection in the 
allantoic cavity of the chick embrj’O, in which he obtained such a 
curve but was unable to demonstrate anj' antibod)’’ in hatched chicks 
infected 9 and 14 daj’s earlier. In this case the exhaustion of susceptible 
cells and the decreased sensitivity’ of older cells to ^^rus infection were 
probably of importance in determining the shape of the virus growth 
curve. 

In light infections of the chorio-allantois uith cctromelia virus 
Burnet and Lush found that a laj’cr of uninfected ectoderm formed 
beneath the initial lesion and that the cells of this layer, although in 
contact with infected and necrotic cells, did not become infected 
but underwent partial keratinisation, the infected and necrotic material 
being cast off. This is not unlilce the process of healing of the skin 
lesions of mouse-pox, and in the egg it is presumably’ accomplished 
without the intervention of antibody’. 

It might be objected that the decline in the concentration of virus 
after the 14th day’ is more apparent than real and may’ be accounted 
for by inactivation of virus by antibody during the titrations. Two 
observations show that this is not so. First, histological examination 
of the skin showed a rapidly’ diminishing number of inclusion bodies 
between the 14th and the 18th day, and the newly formed epithelial 
cells did not become infected. Second, the inactivating effect of 
antibody is negligible when it is diluted more than 100-500 times 
(Burnet, Keogh and Lush, 1937) and all titrations which gave figures 
of 5 log. units or more were diluted at least 500 times. With undiluted 
immune sera the apparent reduction in the concentration of suspensions 
of ectromelia virus titrated on the chorio-allantois or by the intra- 
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peritoneal inoculation of mice was to between 1 and 10 per cent, 
of tbe true figure (Burnet and Lush). As further evidence of the 
relative unimportance of virus inactivation in affecting the results 
of titrations, the dilution phenomenon was observed only once — ^with 
blood (E-AHA titro 1000) tested in mice on tbe IGth day of tbe 
experiment. 

The only other investigations in which the stationary phase and 
phase of decline in concentration were discussed are those of Taylor 
on influenza and Cumen and Horsfall on pneumonia virus of mice. 
Both found that a striking fall occurred between the 7th and 10th day 
(Taylor) or the 8th and 12th day (Cumen and Horsfall). Taylor 
considered that the fall in concentration was probably due to the effect 
of antibody in preventing liberated virus from infecting additional 
cells. Cumen and Horsfall were unable to find antibody or masked 
virus when they tested the lungs of mice up to 12 days after infection, 
and they thought that the decline could not be explained exclusively 
on the basis of neutralisation by antibody produced in response to 
the infection. Ipsen’s curves for rickettsim in the liver of infected 
mice show that in animals inoculated with a non-lethal dose the 
concentration begins to fall about the 8th day. With vaccinated 
mice inoculated intraperitoneaUy the faU began on the 4th or 5th day, 
mostly before the rickettsial content of the liver had reached a lethal 
concentration. He did not titrate the antibody in the organs or 
serum. 

Further light may be cast on the importance of antibody in 
controlling infection in mouse-pox by quantitative studies of the 
virus content of various organs in groups of mice which have been 
actively or passively immunised, and experiments on these lines are 
now being performed. 


The pathogenesis of mouse-pox 

The investigations described in this paper were imdertaken in 
order to gain some insight into the reason for the long incubation 
period of the acute exanthemata of man and the pathogenesis of the 
rash in these diseases, mouse-pox being regarded as a satisfactory 
laboratory model for such purposes. The application of the h 3 q)othesis 
elaborated here for the pathogenesis of mouse-pox to the acute 
exanthemata of man is discussed elsewhere (Eeimer, 19486). The 
present discussion will be restricted to a comparison of the results 
of the experiments described in this paper with those of other 
investigations into the pathogenesis of generalised bacterial and virus 
diseases. 

The classic studies on the mechanism of infection in bacterial 
diseases are those made by 0rskov and his collaborators (for reviews 
see 0rskov, 1932 ; Madsen, 1937). In mouse typhoid Jensen (1929) 
found that after ingestion of a small infective dose of bacfili invasion 
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of the regional lymph nodes occurred within 24 hours of administration. 
The next organs affected were the liver and spleen, in which organisms 
were detected in some animals on the 3rd day and in all by the 4th day 
after infection. He was unable to isolate bacteria from the blood 
until the 4th day, when bacterial multiplication in the liver and spleen 
“ overflowed ” into the circulation, although infection of the liver 
and spleen must have occurred via the blood stream. Turther focal 
localisation of organisms sometimes followed in peripheral Ijunph 
nodes and elsewhere. The sequence of events in mouse-pox is very 
similar to this, the principal difference being that in mouse-po'x virus 
multiplies locally at the site of entry into the host and causes a local 
primary lesion. This difference is probably duo to the affinity of 
ectromelia virus for epidermal cells, wliich is also responsible for its 
later localisation there to cause the rash. 

In experiments with vaccinia virus inoculated intradermaUy in 
young rabbits, 0rskov and Andersen (1938) found that the sequence 
of events was almost exactty the same as wc have found for ectromelia 
virus. With very young animals the primary virmmia and invasion 
of the liver and spleen occurred verj’- early and in animals which 
survived long enough, late secondary generalisation occurred, resulting 
sometimes in focal infection of the kidnej's and skin. As a primary 
lesion occurred at the site of the intradermal inoculation the analogy 
with mouse-pox is complete, as might be expected from the close 
relationship of the two Auruses. However, the generation time of 
vaccinia virus in rabbit sldn must be higher than that of ectromelia 
virus in the mouse foot, or else very large doses rr-ere used, for the 
incubation period was much shorter. 

The comparatively long incubation period of mouse-pox may be 
explained by two observations. First, the generation time of the 
virus in the primary lesion is long (10 hours) and macroscopic signs 
of infection do not appear until the virus concentration reaches a 
critical level of about 10’ infective particles per g. ; therefore the 
primary lesion does not appear for several days. Second, during the 
incubation period there is a step-by-step infection of several organs, 
which does not result in infection of the skin until the 6th or Cth day. 
Although the generation times of virus deposited in the skin and 
spleen are short, the virus concentrations cannot usually reach the 
critical level of 10’ infective particles per g. until some days after 
the virus has reached this level in the primary lesion. In generalised 
diseases in which the generation time of the causative organism at 
its site of entry into the host is short, the local primary lesion may 
precede the symptoms of generalised infection by as much as a week, 
e.g. in rickettsial-pox (Greenberg et al., 1947). In infections hke 
influenza, on the other hand, symptoms are due to multiplication of 
the virus at its site of lodgement in the respiratory tract, and in tliis 
site the virus has a short generation time. The incubation periods 
of such diseases are therefore short. 
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The clinical features of naturallj' acquired niouse-pox are the 
primary lesion and the secondary rash. The development and 
appearance of these lesions and their histological features arc described. 

Growth curr'es were determined for two strains of ectromelia virus 
by dail}’- titrations of virus in the inoculated foot and in the spleen, 
blood and skm of mice infected with small doses of ^’i^us, and detailed 
qualitative studies were made of the times of appearance of virus 
in the regional Ijinph node, spleen and liver, and blood of infected 
mice. The results showed that ectromelia virus underwent a step- 
by-step invasion of the body via the regional lymph node to the liver 
and spleen, which were reached on the third day. IMultiplication of 
virus in these organs caused a secondary virsemia, during which 
multiple foci of infection of the skin resulted in the development of 
the rash some days later. Signs and symptoms of infection never 
oecoixed before the virus concentration in the tissue or organ reached 
a level of about 10" infective particles per g. 

The generation times of the two strains of virus in different tissues 
were determined firom the growth curves. The late appearance of 
the primary lesion was due to the slow multiplication of virus in 
the skin. The generation times of the two strains of virus were much 
the same except in the spleen, in which the Moscow strain multiplied 
more than twice as fast as the Hampstead strain. This difference, 
which probably occurs in the liver also, is directly responsible for the 
higher virulence of the Moscow strain and indirectly for the greater 
severity of skin lesions in the survivors. 

This study of mouse-pox has important implications in the field 
of the acute exanthemata of man. 

It is a pleasure to thank Professor F. M. Burnet for his criticism and guidance. 
The photographs and photomicrographs were kindly prepeured by Mr E. 
^latthei of the University of ilelboume Faculty Workshops. 
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A select™ jMEDIUjM FOR ISOLATING STAPHY- 
LOCOCCUS BASED ON THE DIFFERENTIAL 
INHIBITING EFFECT OF INCREASED CONCEN- 
TRATIONS OF SODIIBI CHLORIDE 

H. B. SLotl-VN'd and G- JlABTi-N- 

From the Department of Bacteriology, University of Manchester 

Hnx and White (1929) suggested the use of media 'with high concentrations of 
sodium chloride for inhibiting Gram-negative bacilli and the isolation of Gram- 
positive cocci. They found that such media markedly inhibited the growth 
of bacilli of the typhoid-paratyphoid, dysentery, dipht heroid and colon groupis, 
of species of Proteus and Pseudomonas and of Bacillus anthracis. The Gram- 
positive cocci which they studied tolerated high salt concentrations and were 
viable on transfer from 20 per cent, sodium chloride agar. In sodium chloride 
broth they found the same differential bacteriostasis but to a lesser degree. 
Later Koch (1942) described a nutrient agar medium containing 7-5 per cent. 
NaCl for the selective isolation of staphylococci. This work was confirmed by 
Chapman (1945), who employed a T-o per cent. KaCl agar medium for isolating 
staphylococci from faces and foimd it superior to other methods of isolation. 

Kecently Oddy and Clegg (1947), investigating staphylococcal food poisoning 
originating from pressed pickled beef, stated that their observations agreed 
with those of Kelly and Back (1936), who noted that staphylococci would 
grow in salted meat with a content of 10 per cent. KaCl, which prevented the 
increase of sporing and non-sporing baciUi. Arising from this, Clegg and Oddy 
(personal communication, 1947) fotmd that nutrient broth and Robertson’s 
meat medium containing 10 per cent, added KaCl were selective for staphylococci 
and that the meat medium was better than the broth. 

This paper reports experiments which were made to measure 
the inhibitory effect of NaCl in media and to assess the value of such 
media for the selective cultivation of staphylococci. They also served 
as a basis for investigating the mechanism of the inhibitory effect 
ofNaa 

Tecusicai, wethods 

The amount of NaCl in media is expressed throughout as the amoimt of 
added hfaCl. When the term “ salt ” is used to describe a medium it indicates 
that 10 per cent, NaCl had been added. 

One strain of Staphylococcus pyogenes was used unless otherwise stated. 
It was coagulase-positive and produced a golden pigment. For inoculation, 
all strains of staphylococci were grown aerobically for 18 hours at 37° C. in 
nutrient broth. The culture was rapidly shaken in a mechanical shaker for 
2-3 minutes to break up clumps. Stained films showed that about 70 per cent, 
of the cells were single, that the remainder were nearly all in pairs and that 
only a few were in groups of more than two. Thus it was possible to have a 
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ronsonablj" uniform inoculum in Ruccessivo experiments. A series of ten-fold 
dilutions of tho cultm-c was made in distilled water immediately before use. 
Since tho amount of inoculum was nlwo}"?? ono drop (0'02 c.c.) per tube from 
a calibrated dropping pipette, its bactoria! content is stated in terms of dilution 
of culture. Tho amount of medium was 5 c.c. unless otherwise stated. 

To countoraot tho effect of chance distribution of organisms in the higher 
dilutions five tubes were always inoculated with each dilution tested. 

Experimektal results 

I. Groidli of a strain of Staph, pyogenes in mitricnt broth 
with increasing concentrations of NaCl 

Concentrations of NaCl ranging from 1 to 20 per cent. b3’ intervals 
of 1 per cent, were inoculated M'ith a series of dilutions of culture 
from 10“^ to 10“®. Counts made the method of IVIiles and IMisra 
(1938) showed that the number of organisms in the undiluted inoculum 
was about 2000 X 10®, so that one drop of 10“" dilution would contain 
about 4 organisms. 

Tlie results arc shown in tables I, II and III. Each table represents 
a separate experiment with its own control but as controls were 


Table I 

Growth of Staph, pyogenes in broth with increasing amounts of 
NaCl from d to 10 per cent. 



Control 




Amount of XnCl ntldcil 




Dilution 

broth 

0 por cent. 

r i>cr cent. 

S i)cr cent. 

P per cent. 

10 per cent. 

of 

inoculum 

Incubation 

Incubation 

Incubation 

Incubation 

Incubation 

Incubation 


(hours) 

(llOUR) 

(Iiour^) 

(hour*) 

(hours) 

(hours) 


24 

48 


4S 

B 

•IS 

24 

4S 

B 

4S 

B 

4S 

10-* 

5 

!) 

r 


5 

■ 

5 


5 

5 

5 

5 

10-‘ 


b 




mm 

^BI^B 


r> 


5 

5 

10-* 

5 





W 



0 


1 

5 

10-’ 

5 





KB 



0 


1 

5 

10-' 

1 


0 

■■ 

0 

■■ 



0 


0 


10-» 

0 

m 

0 

0 

0 


0 

0 

0 


0 

5 


The figures Indicate the numher of 5 Inoculated tubes ^^hIch showed g^o\^tll mncroscoplcaUy. 
8 = slight. 


similar the experiments can be assessed as a whole. The results with 
concentrations of NaCl from 1 to 6 per cent, have not been tabulated 
as there was nothing significant beyond a slight delay in growth. 
Higher concentrations of NaCl prevented growth or delayed it, or 
diminished the total amount, depending upon the concentration of 
NaCl, size of inoculum and period of incubation. When growth was 
delayed it was diminished in amount, even on prolonged incubation. 
Thus similar cultures were obtained with large inocula in high con- 
centrations and small inocula in low concentrations. Even with 
20 per cent. NaCl there was not complete inhibition if the inoculum 
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■(vas large enough. In concentrations of NaCl winch prevented growth 
the staphylococci remained viable and could be subculturcd, but the 
limits of this have not been determined. 

The data governing our choice of a concentration of NaCl suitable 
for a selective medium were afforded by cultures inoculated with a 

Table II 


Growth oj Staph, pyogenes in broth with irxcrcasing amounts of 
NaCl from 11 to 15 per cent. 


Dflntion 

Coni 

nutri 

bro 

rol 

Amount of XaCl added 

ent 

h 

11 per cent. 

12rorccnt. j 

t 

13 per cent. 

14 i>cr cent. ! 

! 

15 per cent. 

of 






t 


1 





inoculum 

Incubation 

Incubation 

Incubation j 

Incubation 

incubation 

Incubation 


(hours) 

Oiours) 
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0 

0 

0 
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The figures Indicate the number of 5 Inoculated tubes wlilch sbovred growth macroscoplcally. 
s = slight ; MS = very slight. 


Table m 

Growth of Staph, pyogenes in broth with increasing amounts of 
NaCl from 16 to 20 per cent. 



Control 

Tintrient. 

Amount of JTaCl added 

BUution 

broth 


16 per cent. 

17 per cent, : 

; 

18 per cent. 

19 per cent. 

20 per cent. 

of 
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72 
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48 
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24 

48 
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2 

2 

2 

0 

0 

0 
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0 

0 
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0 

0 

0 

0 

0 

0 
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0 
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0 
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0 

0 

0 

0 

0 

0 

0 

0 
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The figures Indicate the number of 5 inoculated tubes which showed gro^rth macroscopicaUy. 
s = slight ; vs = very slight. 


10-’ dilution, this inoculum by calculation containing less than 
10 cocci. With concentrations of NaCl up to 12 per cent., subject 
to probable technical discrepancies, there was some delay but no 
failure of growth, but above 12 per cent, progressive failure of growth 
was evident. Therefore 10 per cent, was chosen as a suitable amount 
to he added to broth for selective isolation of staphylococcus. 
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II. Effect of adding 10 per cent, NaCl to broth on the growth 
of other strains of staphylococci 

Five further strains tested as described in section I included 
coagulaso-positive aureus and albns and coagulase-negative albus 
strains. The minimal inoculum for broth was 10“" and with two 
strains it was the same for salt broth. Three strains required 10”'^ 
for salt broth, but oven this was by calculation fewer than 100 
organisms. After 24 hours there was less growth in salt broth than 
in broth but at 48 hours it was almost equal. 


III. The inhibitory effect of NaCl in broth on Bacterium coli, 
Proteus vulgaris, Bacterium friedliinderi and Salmonella typhi 

These organisms were investigated as described for staphylococci 
in section I. In table R’’ the concentrations of salt which inhibited 


Tadi£ TV 

Comparison of inhibitory effect of NaCl in broth on different 
organisms after inenbation for DC hours 


Orjranl^m 

Xo. of Iiactcrla 

In tlic bniwt 
tnoculum 
tested 

Lonr^t 
pcrccDl.iRD 
of added 

NaCl « ideh 
Inldbjtcd 
tlic larRcst 
Inoculum 

No. of b-actcria 

In the smallest 
Inoculum 
tested 

Lowest 
percenlape 
of added 

NaCl which 
Inhibited 
the smallest 
Inoculum 

Stapfi. pjjofjenfs 

■IvlO* 

>20 

<10 

l.'l 

Jiact. coll 

7 y 10* 


<10 

4 

Proteus .... 

4ylll* 


<10 

1 

Bact, fricdlilBiicri 

4 xlO* 

0 

<10 

( 

Salm, iifpht 

0x10* 

0 

<10 

3 


large and small inocula are stated for these organisms in comparison 
with a staphylococcus. It will be seen that the staphylococcus was 
much more resistant than the others to NaCl and that 10 per cent. 
NaCl, although not inhibiting small inocula of the staphylococcus, 
completely inhibited large inocula of the other organisms. 

Six other strains of Bact. coli were tested by inoculating an undiluted 
overnight broth culture into salt broth ; none grew even after 
incubation for seven days. 

Within the range of salt concentrations permitting growth, there 
was the same gradation of effect as with staphylococci. This ranged 
from complete suppression of growth to different degrees of delay 
and diminution, again depending on size of inoculum and NaCl 
concentration. In concentrations of salt which prevented growth 
there was survival for a time and it was possible on occasion for these 
organisms to appear in subculture. 
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IV. Tests made with hmoii mixtures of bacteria in 
10 per cent, salt broth 

Salt broth -was inoculated simultaneously with undiluted overnight 
broth cultures of Staph, pyogenes, Bad. coli, Bad. friedl&nderi and 
Pr. vulgaris. This vras incubated for about 18 hours and subcultured 
to a blood-agar plate which overnight yielded an apparently pure 
culture of the staphylococcus. Although the strain of Pr. vulgaris 
used did not grow in the salt broth, it survived and spread over the 
plate after further incubation. 

A series of similar cultures was made by inoculating progressive 
ten-fold dilutions of the staplijdococcus along with all the other 
bacteria. In 24 hours, a broth control of staph 5 dococcus alone grew 
down to 10“’ ; in salt broth mixed wnth other bacteria to 10“®. After 
48 hours there was growth in the salt broth with 10“’ and a subculture 
on blood agar yielded overnight an apparently pure culture of Staph, 
pyogenes from which separate colonies could easity be picked for 
final isolation. Thus tWs medium readily demonstrated a small 
number of staphylococci, calculated as about 10, in an inoculum 
known to contain about 150 million other bacteria. 

V. Addition of NaOl to other basal media 

Robertson’s meat medium. Clegg and Oddy (personal comnaTuiica- 
tion) thought that meat medium with salt was a better selective 
medium for staphylococci than salt broth. The growth of staphy- 
lococci was therefore tested in meat medium containing added amounts 
of NaCl from 2 to 20 per cent. The salt was added to broth which 
was poured on the meat before autoclaving, each tube containing 
approximately 2 g. of meat and 10 c.c. of broth. 

Certain selected results are recorded in table V for comparison 
with tables I, II and lU, to indicate the difference between salt meat 
and salt broth. Salt meat was less inhibitory and its chief advantage 
as a selective medium was that small inocula grew faster ; compare, 
for example, inocula of 10“® and 10“’ in 10 per cent, salt at 24 and 
48 hours (tables I and V). It did not detect smaller numbers of 
staphylococci. 

That the inhibitory effect of NaCl was less in meat medium than 
in broth was shown also by the findings that with Kimilar inocula a 
larger amount of NaCl was required to delay growth in meat and 
that certain inocula grew in high concentrations of salt in meat but 
not in broth (tables I, 11, III and V). In salt meat too growth was a 
little heavier. 

Sodium thioglycollate medium. This was made from meat-infusion 
broth — the standard broth used throughout — ^by adding to it 0-1 per 
cent, sodium thioglycollate and 0-5 per cent. agar. In this medium 
staphylococci grew well in a zone at the surface, but NaCl was much 
more inhibitory in it than in broth or Eobertson’s meat. In thio- 
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glj’^collato brotli an inoculum of 10“® grew well in 24 hours, but when 
10 per cent, salt was added the smallest inoculum that grew in 24 hours 
was 10“^ ; after 48 hours it was only 10"®. 

Taule V 


Growth of Stnpl). pyogenes in Robertson's meat medium with different 
amounts of added NaCl 



The flBUrcs Indicate the number of 5 Inoculated tabei iihich ehoircd prondh maero»cop!call.v. 
s =• slight. « “ very slight. 


Digest broth. This was made from a pancreatic digest of beef 
without peptone or salt (Mackie and iMcCartnej’-, 1948). In this 
medium too the inliibitory effect of 10 per cent. NaCl on staphylococci 
was more marked than in nutrient broth or meat medium. There 
was a marked delay in gro^rth and in the suppression of small inocula. 

Niitrient agar. This contained 2-5 per cent, of agar in the basal 
nutrient broth. A comparison of agar with and without 10 per cent. 
NaCl was made by counting the number of colonies wliich grew from 
the standard inocula of staphylococci on the surface of plate cultures. 

On plain agar a dilution of 10"’ gave in 24 hours a mean of 4 colonies, 
equivalent to a viable count of 2000 X 10® organisms per c.c. This 
inoculum always grew in broth and thus there was little difference 
between plain agar and broth. On salt agar there was no visible 
groAvth except with the largest inocula after 24 hours. At 48 hours 
the 10”® inoculum gave less than 10 colonies, equivalent to a viable 
count of less than 600 X 10® organisms per c.c. In salt agar there 
was therefore more delay than in salt broth, and suppression of small 
inocula. The inferiority of salt agar might be ascribed to the ph5^sical 
properties of the gel. 

VI. Tests made with 26 other strains of Staphylococcus 
in salt-meat medium 

Tifteen coagulase-positive aureus strains and ten coagulase- 
negative alhus strains, recently isolated directly on blood agar from 
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the nose, were examined to see whether there was general conformity 
among staphylococci regarding their ability to grow well in salt meat. 

All these strains behaved similarly and corresponded to that described 
in section V. A minimal inocnlum of 10-", calculated as less than 
100 organisms, always grew ; sometimes an inoculum of 10“* sufficed 
for growth, and there was no difference between salt-meat and ordinary- 
meat medium. After 18-24 hours a good culture was produced 
although growth was slightly less in salt meat. 

Vn. Tests with hnoicn mixtures of bacteria in salt-mciil 
medium and its liquor 

As a severe test of the selective qualitj’ of salt-meat medium for 
Staphylococcus a series of tenfold dilutions of this organism was 
inoculated along with undiluted cultures of Salm. iyplii, Balm, paratyphi 
B, Shigdla soyinei. Shigella flexneti. Bad. coli, Str. pyogenes, Ps. 
pyocyanea and B. subtilis. The cultures were incubated overnight 
and plated on blood agar. Trom the 10-® dilution of Staphylococcus, 
calculated as about 10 organisms, many colonies grew on the plate, 
from which a pure culture could readily be made. B. subtilis also 
came through in moderate numbers but did not obscure the 
staphylococci. 

Pr. vulgaris was shown to be more resistant to salt than Bad. 
cdli and Salm. typld (table IV) and in a heavy mixed inoculum it 
may be found in subculture and may overgrow the plate. With a 
moderate inoculum incubated overnight (section TV) this did not 
happen. When it was added to the heavy mixed inoculum of these 
tests and incubated overnight Proteus appeared in subculture even 
if inoculated in a dilution of 10“®. In practice a pure culture of 
Staphylococcus can nevertheless be easily isolated by transferring 
a colony to salt meat and repeating the effiture, when the small 
numbers of Proteus will be suppressed. Or subcultures may be made 
from the original salt meat to a medium inhibiting the spread of 
Proteus. It should be realised however that the mixed inoculum was 
intentionally made very heavy ; in routine use inocula are such that 
difficulty from Proteus overgrowing the plate in this way has hardly 
ever arisen. The liquor from salt-meat medium gave results identical 
with those given by the medium itself (see section VTH). 

In cultures from numerous samples of feces Proteus seldom 
appeared when the original culture in salt meat was subcultmed after 
overnight incubation. When it appeared, as it did in about 0 per 
cent, of cultures, it did not overgrow the Staphylococcus completely 
and a pure culture of staphylococci from a single colony could always 
be obtained. Small colonies of micrococci were sometimes present 
but caused no difficulty. The usual result was a pure culture of 
Staphylococcus on the plate, whether the inoculum was feces, mouth 
washes or other material with a very mixed flora. 
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VIII. Some factors affecting the inhibitory action of 
NaCl on the growth of Staphylococcus 

The mechanism by which NaCl inhibits the growth of bacteria 
is not linorni but a few points emerged during the study of Staphylo- 
coccus which are relevant to this problem. 

Peptone. In section IV it was noted that digest broth grew 
staphylococci at least as well ns nutrient broth, but that wlien 10 per 
cent. NaCl was added to each the digest broth was much more 
inhibitory, the minimal inoculn producing cultures in 24 hours being 
10““ in digest and 10“® in nutrient broth. This difference suggested 
that peptone, or the lack of it in digest broth, might bo concerned. 
Therefore 0-5 c.c. of a solution containing 1 per cent, peptone and 
0-5 per cent. NaCl was added to 5 c.c. of digest broth containing 
10 per cent. NaCl. This medium then grew staphjdococci as well as 
nutrient salt broth. Four brands of peptone (Difeo ; Witte ; Evans, 
Sons, Lescher and Webb ; and J. W. Towers & Co.) were tested 
more thoroughl}’-. All were effective with onl}' small quantitative 
differences. It was thus endent that peptone counteracted the 
inhibitory effect of NaCl. 

It is not knomi what substances in peptone are responsible or 
how they act. A few preliminary tests indicated that serum and an 
alkaline extract of dofibrinated blood behaved similarly. 

Extract of cooked meat. The property of salt-meat medium which 
rendered it less inhibitory to Staphylococcus than salt broth was 
associated with the liquid part of the medium. The liquid was removed 
and tested in comparison with the whole medium and the broth used 
in preparing it (section V). Ten per cent. NaCl was added to each. 
The liquid from the meat and the meat medium itself behaved 
similarly and both were less inliibitory than broth as judged b}”^ the 
rate of growth of small inocula. Thus, during autoclaving of the 
medium, there was extracted from the cooked meat something which, 
like peptone, counteracted the inliibitorj’- effect of NaCl. 

Thioglycollate. The addition of O-l per cent, sodium thioglj'coUate 
to plain broth did not alter its ability to grow staph 5 dococci but NaCl 
was much more inhibitorj’- in the presence of thioglycollate (section V). 
The effect of NaCl would thus appear to be enhanced by an increased 
reduction potential. 

Anaerobiosis. Direct observations were made by incubating 
cultures of Staphylococcus in broth and on agar, in Robertson’s meat 
medium and thioglycollate medium, -nith and vithout 10 per cent. 
NaCl, in an anaerobic jar and in air. Anaerobic conditions alone had 
a slight retarding influence on the growth of Staphylococcus in the 
ordinary media. In salt media this influence was a little more 
pronounced but whether there was a summation of the effects of 
anaerobiosis and NaCl or whether anaerobiosis might have acted 
indirectly requires further investigation. 
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DiSCtTSSlOK 

By using a metliod to reveal quantitative differences and comparing 
several media -we have sho^vn that Staphylococcus is much more 
resistant to the growth-inlnbitory action of XaCl than most other 
bacteria derived from man and that the composition of the medium 
has a considerable influence on this action. There is possibly some 
indication (section III) that the nature of the action of NaCl may be 
similar for different species but may operate at different concentra- 
tions ; i.e. the same gradation of effect on groudh was produced for 
different organisms at different ranges of salt concentration. This 
is however no more than a suggestion and further investigation is 
required to elucidate the nature of the action of NaCl and of substances 
which have been shown to diminish its effect. 


StoDIABY AlfD COXCLUSIOKS 

1. Robertson’s meat medium with 10 per cent, of added NaCl 
is the selective medium of choice for isolating staphylococci. It will 
suppress the growth of most other bacteria and will detect a small 
number of staphylococci, calculated as about 10, in a large mixed 
inoculum. 

2. Meat medium is less inhibitory to staphylococci than broth or 
agar with 10 -per cent, added NaCl, and much less inhibitory than 
digest broth or Brewer’s thioglycoUate medium containing 10 per cent, 
added NaCl. 

3. Substances which diminish the inhibitory effect of 10 per cent. 
NaCl on the growth of staphylococci are present in peptone, serum, 
blood extract and the liquid part of Robertson’s meat medium. 

4. In practice 10 per cent, of NaCl added to Robertson’s meat 
medium proved highly satisfactory for isolating staphylococci from 
mixed inocula such as faeces, mouth washes, Tniil? and ice-cream. 
Enrichment in this medium by incubation overnight followed by 
plating yielded pure or almost pure cultures of staphylococci. 
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ACTINOjMYCOSIS in dogs 

A. Ginsberg and A. C. W. LirmE 

Bacteriology Department, Boyal (Dick) Veterinary College, Edinburgh 

(Plates XCV-XCIX) 

Several cases of actinomycosis in the dog and cat were seen in this 
department during the last two years. The distribution and type 
of the lesions varied considerably in different cases, ranging from 
liver abscesses in a six-weeks-old puppy to widespread lesions with 
peritonitis in older animals, usually accompanied by abdominal fluid 
containing numerous sulphur granules. iEcroscopic examination of 
the lesions always showed Gram-positive branching filaments. 


Lixekatuee 

The causal organism of actinomycosis in man and cattle has received much 
attention, but records of canine actinomycosis are limited in their scope. Eabe 
(1888, quoted by Lesbouyries, 1942) found in canine lesions a filamentous 
organism resembling that of bovine actinomycosis. He named it Cladofhrix 
cams, and Chalmers and Christopherson (1916-17, p. 255) refer to it imder the 
synonym Nocardia canis. Klimmer (1934), in his study of the aetiology of 
actinomycosis in animals, dealt only -with the ox and pig. Baudet (1934) 
described three cases amd suggested that the pathogenic organism should be 
called Cohnistreptothrix canis. In a case of meningitis in the dog, Balozet and 
Bemot (1936) demonstrated an organism which they considered identical with 
what they styled the Actinomyces asteroides of Eppinger (1891). Breed, Murray 
and Hitchens (1948) list Actinomyces canis among the ill-defined species of 
Nocardia. Eroms (1939) described two cases in dogs which showed a chronic 
purulent productive inflammation of the peritoneum and pleura. In both, 
histopathological examination revealed a picture typical of actinomycosis. 
Lesbouyries (1942) suggested that the causal agent of canine actinomycosis 
Was a facultative anaerobe, a variant of Actinomyces israelii. Martin (1942) 
described three cases of •canine actinomycosis in which the lesions were foimd 
in the lungs, liver and abdominal cavity respectively. The histo-pathological 
picture of the lesions was of fibrous tissue surrounding areas of massive infiltra- 
tion with polymorphonuclear leucocytes, lymphocytes, histiocytes and other 
mononuclear ceUs. In some of the infiltrated areas rosettes were observed with 
peripheral radiating clubs and granular centres. The disease was normaUv 
ctoonic m natme, but a terminal, rapidly fatal, acute exacerbation was also 
recorded, hi then textbook, Kelser and Schoening (1943, p. 394) wrote • “ Of 
the domestic ai^ab, the bovine species is most Lceptible to actinom^cosS! 

^e duease is also of relatively firequent occurrence in’hogs. Earelv are horses 
sheep, and other animals affected.” ^ «areiy are norse=. 
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Tlieso ofTccts ■were reproduced oven nfter repeated subculture. Appearances 
in other media may bo described briefly ns follows. 

Agar slope. Slightlj’ raise<l white colonics, described above ns typo .1, grew 
along the line of inoculation. Gelatin. Stab cultures maintained at room 
tcmperatiuro showed neither liquefaction nor growth. After 5 days at 37° 
plight growth without liquefaction was seen. Shake culture. In glucose-agar 
phnkes good growth was scon at the surface and slight growth below it ; growth 
was absent from the depths of the medium. Loejjlcr's scrum and Dorset's egg 
medium. Good confluent growth without digestion of medium ; growth only 
.slightly adherent to medium. MacConkey's medium. No growth nfter 5 days 
at 37°. Potato medium. Growth evident after 18 hours at 37°. Colonics white 
and evenly raised at first, but later showing brown pigmentation and winkling 
of the surface. A chalk-white bloom developed on the upper parts and sides 
of the potato during incubation. 

Metabolism. In many subcultures this organism grew well in 
both liquid and solid media with the few e.xceptions already noted. 
For good growth, the cultures required normal atmospheric conditions ; 
anaerohiosis or replacement of O™ tnth CO, inhibited growth. The 
optimum temperature was 37° C., and there was growth onl}’’ after 
72 hours at room temperature. 

Biochemical reactions. After 30 days at 37° no change was obserred 
in glucose, lactose, mannitol, inositol, maltose, salicin, dulcitol, sucrose, 
raffinose, arahinoso, sorbitol, dextrin, rhamnose, imilin, xylose, 
trehalose or glycerol. Litmus milk was unchanged after 8 days at 
37° and indole was not formed in peptone solution. 

Besistance. If broth cultures which had already gro'rni were left 
at room temperature, surface growdlx which had dried out on the sides 
of the tubes from evaporation of the culture fluid was found to be 
viable after G weeks. Cultures kept for S weeks at 8° C. showed no 
loss of viability, and a temperature of 75° had to be maintained for 
10 minutes to ensure sterilisation (table I). 

Table I 


Heal resistance of organism isolated from case 1 


Exposure 

After exposure. Ilcsults of Incubation nt 37® C. for (liours) 

Time (min.) 

Temperature (• C.) 

24 

ts 

"O 

5 

55 

-b-b-b 



10 

>* 

-b-b+ 

... 


16 

f» 

-b++ 


... 

5 

05 

-b-b-b 



10 

ff 

+++ 


... 

16 

ff 

— 

+ 

-b-b 

6 

75 





-b 

10 

tt 

— 

— 


16 

ff 





-p-p, +-f-+ denote inoreasmg amounts of growth. 
— denotes obsence of gro-n-th. 
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Fig. 1. — Surface typo-1 colonic-^ of the Fio. 2. — Surface tj-pc-1 colonies of the 
organism from case 1 on blood agar after organism from cn=e 1 on nutrient 
IS hrs. at 37’ C. X 10. agar after 5 davs at 37’ C. X 13. 












Fig. 3. — Surface tj-pe-l colonies of the organism from case I Fig. 4. — Surface type-1 colony c 
on blood agar after 5 daj’s at 37® C., showing central the organism from case l' o 
crater and rosette, x 10. blood agar after 5 days a 

37® C., showing star formatioE 
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Pathogenicity 

Mice proved to be entirely resistant to this organism whether 
they were inoculated intravenously or intraperitoneally. Guinea-pigs 
and rabbits smrived intraperitoneal inoculation and, on post-mortem 
examination after being killed, showed only minor lesions in the liver. 
Rabbits proved to be highly sensitive to intravenous inoculation of 
the organism, as 1 c.c. of a 5-day glucose-broth culture regularly 
killed them in four days, and post-mortem examination consistently 
showed numerous disseminated lesions of minute size affecting 
practically aU organs and tissues, with marked dehydration of the 
subcutaneous tissues. 

The lesions, which were small, elongated and greyish-white, 
appeared to be most numerous in the myocardium, kidneys, fundus 
of the gaU bladder and intestinal wall. Numerous similar lesions were 
noted in the musculature, liver, spleen and lymph glands. Crushing 
of the foci released branching filaments which were acid-fast and 
Gram-positive (fig. 8). Cultivation of the organisms from the tissue 
lesions gave the same results as those described for the original 
isolation. 

Hisfopathohgy. Histological examination of the lesions showed 
a structureless disintegrated centre surrormded by a zone of infiltration 
by leucocytes and mononuclear cells with many proliferating fibrocytes 

(fig. 11). 

Effect of penicillin. Two rabbits received an intravenous injection 
of 1 c.c. of a 6-day broth culture at 37° C. plus 8000 units of peniciUin. 
These animals showed no ill effects from the inoculation and were 
killed after 30 days. Post-mortem examination showed no lesions 
except a few foci in the cortex of the kidneys and in the liver. Smear 
examination of these foci failed to reveal the presence of organisms 
and histological examination showed that the cortical lesions in the 
kidneys were of a chronic nature (fig. 12). 

Case 2 

Clinical history. A 15-months-old Labrador dog sbo-wed signs of abdominal 
pain, didlness, anorexia and progressive emaeiation. As the condition did not 
respond to treatment, and palpation sbo-wed the presence of what appeared to 
be a tumorous mass, the animal was destroyed. 

Post-mortem findings. The abdominal cavity contained about 
half-a-pint of turbid reddish-brown fluid with numerous yellow- 
white floccules. The omentum and mesentery were grossly thickened 
and hard to the touch, and on being cut into showed much fibrous 
tissue surrounding greyish-yellow foci. The mesenteric lymph glands 
were enlarged and hypersemic. Diffuse peritonitis was present and 
the liver and spleen both showed congestion. Smears from the 
granulomatous tissue showed the presence of non-acid-fast. Gram- 
positive branching filaments. 
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Histological cxaminaiicm showed numerous areas of leucoc 5 'tic 
infiltration, with mononuclear cells and a few giant cells. Tlie 
infiltrated areas were separated by bands of fibrous tissue (fig. 13). 

Isolation of the organism 

Inocula from foei in the granulomatous tissue were smeared on 
solid and inoculated into fluid media, all being incubated at 37° C. 
under aerobic and anaerobic conditions. Some glucose-broth cultures 
incubated for 24 hours aerobically showed one or two floccules at the 
bottom of the tube, others had no visible groudh. After 5 days at 
37° the cultures showed cither a scant}’ growth at the bottom of the 
tube or colonics suspended in the fluid ; the broth I'cmained clear. 
Growth in nutrient broth was even poorer than that in glucose broth, 
but enrichment with scrum improved it. Nutrient agar showed very 
scanty growth. 

Blood agar. After 24 hours at 37° C., numerous colonies developed, 
their size ranging from 1 to 2 mm. in diameter. After G-8 days at 37° 
the mean diameter of colonies had reached 10 mm. and in some it 
was as much as 15 mm. 

Slight pitting of the medium was noted, and on the raised surface 
of the colonics, dull and dark at first, there appeared a white apical 
spot from which filaments developed. These formed a white bloom 
which spread over the whole colony. Oiflj’ a narrow translucent 
margin remained free for several days (figs. 14 and 15). The central 
elev'ation usually seen in young colonics (fig. 10) was later replaced 
by a central crater (fig. 17), though in some cases the crater developed 
before any protuberance was observed. The white bloom was easilj’ 
removed with a loop, exposing a slightl}’ convex colony with a shiny 
gelatinous appearance and of leather-like consistency. The colonies 
adhered firmlj’ to the medium and developed a doughUike consistency 
if kept in the refrigerator for some time. As thej’ aged, cultures 
emitted a strong mould}’ smell. 

Hcemolysis. Colonies on horse-blood agar plates incubated for 
24-48 hours at 37° C. showed a broad zone of limmolysis, followed by 
clearing of the whole plate. 

Other media. Agar slope. After 72 liours at 37° only very sparse growth. 
Gelatin. Neither growth nor liquefaction after 21 days. Shake cidturc. A few 
single surface colonies in glucose agar after 72 hours at 37°. Loeffler's serum. 
Slight growth after 72 hours at 37°. Colonics reached a mean diameter of 10 mm. 
in 5-6 days. Commencing liquefaction of the serum was noted after 72 hours 
at 37° and was almost complete in 21 days. Dorset's egg medium. Good confluent 
growth with softening of the medium. MacConhey's medium. No growth. 
Potato medium. No growth after 21 days at 37°. 

Morphology. Stained smears from the various cultures and from 
the lesions showed non-aoid-fast, Gram-positive branching filaments. 
A tendency to terminal club formation was noted. No breakdown 
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Fig. 7. — Case 1. Smear from smus discharge, showing Fig. 9. — Organism from case 1. Git 
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Fig. 1 1. — Lesion in kidney of rabbit inoculated \%nth 1 c c. of \nrulent culture. 
Haimnlum and eosin x 200. 
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Fig. 13. — Case 2. Omental lesion from tlog. 
Haimalum and eosm. X 200. 



Fig. 14. — Organism from case 2. 
Surface colony on blood agar after 
24 hrs. at 37' C., shorring translucent 
lialo. X 4. 
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Fk:. it.— ()rf:.ini«m from ca«c 2. Surfnrc oolony on blood n^ar after 
C day.s at 37' C., showing central cleft, x 6. 




Fig. is. — C ase 2. Smear from omental 
legion showing brandling filaments. 
Gram’s stain, x 730. 



Fig. 19. — Organism from ca=e 2 m 
glucose-bi-oth culture after 14 days 
at 37" C., showing branching fila- 
ments with rudimentary club for- 
m.ation. x 900. 
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forms -were found (figs. IS and 19). Examination for motility was 
negative. 

Mclabolism. GroudU was poor in liquid media and on nutrient 
agar but satisfactorj* on blood agar and Dorset’s egg medium. 
Anaerobiosis or replacement with COj inhibited the growth. Optimum 
temperature 37° C. No growth at room temperature after 21 days. 

Biochemical reactions. After 30 days at 37°, no change in glucose, 
lactose, mannitol, inositol, maltose, dulcitol, salicin, sucrose, rafiinose, 
arabinose, sorbitol, dextrin, rhamnose, inulin, xylose, trehalose or 
glycerol. Litmus milk unchanged. No growth could be demonstrated 
after 6 and 14 days at 37°. Indole was not formed in peptone solution. 

Besistance. Cultures on blood agar and Dorset's egg medium 
showed no marked reduction in ^-iabUitj' after 30 days. Although 
resistant to refrigerator temperature, the organism was Idlled by 
exposure to a temperature of 60° C. in 10 minutes (table !!)• 

TABin n 


Heat resistance of organism isolated from case 2 
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-r, -i--r4- denote increasing amounts of growth. 

— denotes absence of growth. 


Penicillin sensitivifi/. By the ditch-plate method the organism 
■was found to be as sensitive to penic illin in vitro as a hsemolytic 
staphylococcus. 

Pathogenicity. Five-day cidtures in doses up to 5 c.c., if injected 
mtraperitoneally or intravenously, failed to produce any reaction 
in rabbits and guinea-pigs. Lesions could not be demonstrated in 
any of the experimental animals, which were Idlled and examined 
after 30 days’ observation. 


Discussiox 

Eppinger in 1891 described a filamentous organism in a cerebral 
abscess of man. He called it Cladothrix asteroides because of its 
branching, but MacCallrun (1902), who described another case in a 
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child, proposed the name Aclinomyccs astcroidcs in place of Cladothrix 
asleroides. The organism described bj’ these authors grew well 
aerobicall3' but did not develop under anaerobic conditions. Colonics 
on solid media showed a central cratcr-like depression or wore elevated 
into irregular folds. The development of filaments gave the colonies 
a dull and roughened appearance. The organism did not liquef}' 
gelatin ; in broth it formed a granular pellicle without turbiditj’. 
On potato, chromogcnic growth was recorded with the later develop- 
ment of a white chalkj* bloom. Smears showed Gram-positive filaments 
and the organism proved highlj' pathogenic to rabbits, intravenous 
inoculation of 1 c.c. of culture causing death in 4 daj's. At post- 
mortem examination abscesses were noted in most organs and tissues. 
Neither Eppinger nor IMacCallum mentioned whether the organism 
was acid-fast. Nothing is said of fermentation of carboh3'drates or 
of h?emol3'tic properties. 

Other cases of human infection with Actinomyces asleroides have 
been recorded b3' other workere, but to the best of our knowledge 
this Actinom3’ccs has onl3' once before been isolated from a dog — b3' 
Balozet and Pernot from a case of canine meningitis. The cultural 
characteristics of their organism correspond to those of Eppingcr’s 
and ^lacCallum’s. Thc3’’ emphasised its non-fermentation of carbo- 
h3’drates and the finding that 1 c.c. of a broth culture b3' the int ravenous 
route killed rabbits in four dn3's. The details corre.spond ver3’’ closel3' 
with those for the organism we isolated from case 1 . 

The strain of Actinom3'ccs isolated from case 2 proved non- 
pathogenic to laborator3" animals, but having eliminated the possibilit)'' 
of other causal agents we felt bound to nominate it ns the cause of 
the granulomata found in the Labrador. Martin and othere give 
histopathological pictures similar to ours for lesions of actinom3’cosis 
in the dog. This particular strain of Actinom3’ccs cannot be identified 
as belonging to an3'’ of the recognised species. 

Some authors suggest different classifications for the causal agent 
of actinom3'cosis in dogs. Baudet favours the name Cohnistroptotlirix 
canis because the organisms he encountered resembled the morpholog3' 
of Cohnislreptothrix israelii. Eronis, after a histopathological stud3' of 
two cases, cited the opinion of another department, which carried 
out the bacteriological examination of the dogs, that the organism 
was a Wolff-Israel-like Actinomyces. Eroms found it difficult to 
decide if liis causal organism was a Wolff-Isracl strain or some canine 
variant. 

In the light of our observations in this paper it is difficult to accept 
the organisms named in earlier studies on dogs as a guide to what 
we should call the strains now described. Neither of our strains has 
the features mentioned by Baudet, Lesbouyries or Eroms. Diphtheroid, 
rod and coccal forms are found in smears from cultures, but if Erikson 
( 1940 ) is correct these forms represent “ breakdown products,” which 
on inoculation into an animal once more give rise to long branching 
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filaments. Wilson and ISIiles (1940) give good reasons for not appljdng 
the terms Streptothrix and Nocardia to organisms of the genus 
Actinomyces. 

The organisms isolated from both our cases are strict aerobes, 
but they diBFer in their morphological, cultural and pathogenic 
characteristics. The organism from case 1 shows breakdown products, 
is acid-fast, does not liquefy Loeffler’s serum, grows well on potato, 
is slightly ha;mol 3 diic and highly pathogenic to rabbits. It closely 
resembles in all its features the Actinomyces asteroides of hlacCaUum 
(= Oladoilirix asteroides of Eppinger), which cannot be described as 
Cohnistreptothrix homints or as a variant, either human or canine, 
of Actinomyces isradii. 

The organism from case 2 does not show breakdown products 
but preserves its long branching filaments on artificial media. It is 
non-acid-fast, liquefies Loeffier’s serum, does not grow on potato, 
has marked hmmolytic properties and is non-pathogenic to laboratory 
animals. Its characteristics differ not only from those of the organism 
of case 1 but also from the features described by both Baudet and 
Lesbouyries for their organisms. 

The sensitivity of the organisms to penicillin is worthy of note. 
In case 1, 250,000 units of penicillin brought about recovery from 
the infection and the simultaneous inoculation of as small a dose as 
8000 units along with 1 c.c. of virulent culture into rabbits so reduced 
the effects of the organism that the rabbits survived and were in 
good health and free from lesions when killed 30 days later. Similar 
results have been reported in human infections, for the application 
of 5,800,000 and 5,200,000 units of penicfilin in two cases reduced 
the size of the lesions (Hamilton and Kirkpatrick, 1945). The organism 
of case 2 was shown by the ditch-plate method to have the same 
degree of sensitivity to penicillm as a control strain of virulent 
hEemolytic staphylococcus, but it could not be tested in vivo since 
it was not pathogenic for any of the laboratory animals tested. 

StJiUMABY 

A Gram-positive aerobic organism was isolated from the sero- 
purulent discharge from a throat sinus in a dog (case 1). The organism 
iras found as a dense mycelium of acid-fast filaments which showed 
true branching ; it proved highly pathogenic to rabbits. 

The simultaneous injection of penicillin and culture into rabbits 
neutralised the pathogenic effects of the organism. 

The organism closely resembles the Actinomyces asteroides of 
MacCallum (= Cladothrix asteroides of Eppinger). 

A second Gram-positive aerobic organism was isolated from a 
large granulomatous growth in the abdomen of a dog suffering from 
<^use peritonitis (case 2). This organism formed long filaments which 
showed true branching; it was non-acid-fast, Hquefied Loeffler’s 
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serum and -was non-patliogenic to laboratory animals. It was sensitive 
to penicillin in vitro. 

Wo wish to ncluiowlo<lgo the kind co-oporntion of Messrs J. D. Loughrnn 
of Stockton-on-Tees nnd E. G. Wood of Edinburgii, wlio supplied both subjects 
and case histories. Wo also glndlj* thnnlc Dr J. S. Gnrsido nnd Professor A. 
Robertson for facilities nnd tho opportunity to carry out tho work. The 
photographs nro by Jlr R. Hood, senior technician, to whom our particular 
thanks nro duo. 
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THE GLYCOGEN CONTENT OF RATS’ LIVERS 
AFTER POISONING WITH LARGE DOSES OF 
5)-DBIETHYLAAIIN0AZ0BENZENE 

J. W. Obr, D. E. Price and L. H. Stickla>-d 

From the Department of Experimental Pathology and Cancer Reecarch, 
School of Medicine, University of Leeds 

a previous paper, Orr and Price (1948) described the histological 
appearances "which result from the action of ^-dimethylaminoazo- 
benzene (DMAB or butter yello'w) upon the livers of rats. The dye 
■was administered by the intraperitoneal injection of a solution in lard 
(37® G. filtrate). Among the effects noted histologically "was the 
absence of glycogen from the livers of rats receiving a single large 
dose. 

The most striking qualitative metabolic difference bet-ween normal 
liver tissue and the tumours derived from it is that in the former the 
glycolysis is a breakdo'wn of glycogen and in the latter a breakdown 
of glucose (Orr and Stickland, 1941 ; Dickens and Weil-Malherbe, 
1943). The disappearance of glycogen from the liver as a result of 
the administration of large doses of DIIAB might thro"w some light 
on the metabolic changes and therefore must be studied more closely. 

Liver poisons in general {e.g. phosphorus, chloroform and carbon 
tetrachloride) are known to lead to depletion of the liver glycogen 
and this is regarded as evidence of loss of power to synthesise glycogen 
from glucose. In poisoning -with DhlAB, however, it is not valid to 
attribute the absence of glycogen to a defect in the synthetic power 
of the liver, since it was observed that the treated rats had very poor 
appetites, and clearly glycogen cannot be expected to be formed in 
the liver unless the rate of ingestion of carbohydra'te, in the period 
just before the observation is made, exceeds the rate of utilisation. 
The purpose of this paper is, therefore, to establish beyond reasonable 
doubt that the Ever of rats poisoned with DilAB is unable to effect 
the synthesis of glycogen even when ample glucose is presented to it. 

Our first experimental approach was to feed large amounts of 
carbohydrate, in various forms, to rats by stomach tube, and to 
follow the blood sugar level for some hours, after which the animal 
■was killed and the glycogen content of the liver determined. If the 
liver was failing to remove glucose from the blood, the glucose tolerance 
of the animals would be decreased, and high blood-sugar values 
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might be expected. In a number of Di\IAB-poisoned animals such 
Iiigh blood-sugar values were observed, associated with a low liver 
glycogen, but not in all. In some cases the dehydration of the blood 
associated with osmotic distension of the stomach made the blood 
sugar figures suspect. 

It therefore appeared desirable to confirm, b}' independent methods, 
that adequate ingestion and absorj)tion of carbohj'drate were in fact 
taking place. The cxijeriments are described in chronological order. 


Material and methods 

Mixed stock rats were used of an avornge weight of 211 g. (range 90-300 g.). 
During experiments the rats were marked and kept in pairs in wire cages. 
The diet was of experimental importance, and is given separately for each 
experiment. 

Intraperitoneal injections of 2 per cent. DMAB in lard (37° C. filtrate) 
wore used throughout. Dosage is expressed in mg./kg. body weight. Stomach 
feeding was carried out by irsing a mastoid retractor ns gag and soft rubber 
catheters (size 3-5) lubricated %vith gb'ccrol. The solution was then gently 
injected with a syringe at a rate of 1 ml. in 7-10 seconds. In the early stages 
there was an occasional fatality duo to the tube entering the trachea. After 
a little practice those accidents ceased and it was found possible to feed rats, 
with no apparent ill cfTects, scvernl times a day. 

At the conclusion of each experiment the rats wore killed by a sharp blow 
on the back of the head. Tlio liver was extracted immediately and the glycogen 
estimated b 3 ' the method of Hjmd and Rotter (1930). Blood sugar was estimated 
according to the method of Hagedorn and Jensen (1923), and other sugar 
detenninntions by that of Hanes (1929). 

Experimental observations 

Expt. 1. Rats were injected intraperitoneally with 200 mg./kg. 
Di\IAB. The control animals were in two groups. One group received 
injections of lard filtrate and the other no treatment. The animals 
were fed on a cake made of equal quantities of oatmeal and cane 
sugar. The ingredients were mixed together with a little water, 
compressed into cubes and dried at room temperature. A 4 per cent, 
aqueous cane sugar solution was given to drink. Records of the 
weight of food eaten and fluid drunk were kept. Half the rats in 
each group were Idllcd exactly 24 hours after the injection and the 
remainder at 48 hours. The glycogen content of the livers is shown 
in table I. It -will be seen that the control animals have considerably 
more glycogen stored in their Ihmrs than the poisoned animals, 
especially after 48 hours. This was not entirely unexpected, as the 
histological changes are more marked after the greater period of time. 
The discrepancy between the weight of food consumed by the groups 
caused no surprise in view of the poisoning of the experimental 
animals, but raised the objection that the low liver-glycogen values 
might be due to their poor appetites. 

Expt. 2. The rats were starved for 18 hours in order to use up 
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fteir stores of glycogen. The fasting blood sugar vfas estimated. One 
group of rats received 200 mg./kg. DMAB, one group lard filtrate 
and one group no treatment. Forty-one hours after the injections, 


Table I 

Liver gJycogcn values of control and DM AB -treated rats 
given carbohydrate ad lib- 
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Iiydrafes) 
consumed (B.) 

Fluid drunk 

Liver glycogen (per cent.) 


after inScetlon 

tml.) 


Average 


DSIAB 






c 

o 

200 rog./kg. 


1 

1 

2-7 

31 

) 

£ 

! *2 
o 

I* 

- 24 


! 

1-8 

1-2 

[- 2-5 

a 

X 

It 

ft 


1 3-4 

} 

3-9 

2-3 


o 

u 

1 ml. lard 


1 40 

1 25 

6*4 

5'8 

5*0 

6*5 

1 

1 1 
1“ 

ft 

Xo treatment 

»» 

[ " 

) 

1 35 

1 

j- 5-9 

1 

DMAB 






i ^ 

c 

o 

200 tng./kg. 


} 


4-6 

0-09 


S 

*2 

o 

St 

If 

48 

1 3-^ 


0-05 

0-13 

- 0-8 

X 

ft 

St 


} 


0-15 

0-03 


*0 

Wi 

1 ml. lard 


1 40 

( 

5*6 


c 

: S 

tf 

Ko treatment 

ft 


i) 

|1 

1 

i 1 

8-6 

6-3 

j- 6-9 
) 


all rats received, by stomach tube, 5 ml. of 20 per cent, w/v glucose. 
It was estimated that 4 hours would be needed for the absorption of 
this amount (Cori, 1925). The blood sugar was estimated IJ hours 
later. A second feed of 10 ml. of 20 per cent, glucose was given 44|- 
hours from the start of the experiment and hours after the first 
stomach feed. One and a quarter hours after this feed the blood 
sugar was again estimated, and again at 48i hours — 4 hours after 
the second feed. The animals were then killed and samples of liver 
taken for estimation of the glycogen content (table II). The DMAB- 
poisoned animals showed very little glycogen in the liver and the 
blood sugar rose to higher levels in these animals than in the controls. 

An attempt was made to obtain the phenomenon with doses 
of less than 200 mg./kg. of D5LAB, because with a higher survival 
rate there would be less reason to suspect that the liver findings 
were merely the expression of a general depression of vital processes 
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Liver-glycogen and blood-sugar values in rats starved, then given known amounts of glucose 
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in sick or moribund animals. It was also desirable to show that 
these animals were cfTcctively starved after poisoning, in that both 
experimental and control animals had low liver-glycogen values. 

Expt. 3. Eats received doses of 200, 100 and 50 mg./kg. DhlAB 
after a period of staiwation followed by fasting blood-sugar estimations. 


Tablc m 


Liver glycogen in starved rats poisoned with varying 
doses of DMAB 
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Table IV 

Liver glycogen in rats poisoned with varying doses of DMAB, 
starved, and then given a lenown amount of glucose 
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i^al controls were used. Each group of animals was then split 
o two batches. The first bateh was starved for 24 hours, then 
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Expt. 6. Rats poisoned witli 200 mg./kg. DJIAB ^vcrc starved 
for 24 or 48 lioiirs. Tliey wore treated ns in expt. 5 and the results, 
after one hour’s absorption, are shown in table VIII. Adequate 
absorption of glucose appears to have taken place. 

Taulu Ami 

Absorption, after one hour, of glucose from intestine of 
DMAB~trcatcd rats (200 mg.jkg.) 


lUt no. 

Diimllon of 

."tnn'atloii 

OItico<o 

(mj:.) 

rcmalnlns (itiR.) 

Gluros/J nl)«orbctl 
(mp.) 

Liver clycoccn 
(g. percent.) 

1 

21 

202 

noG 


0-13 

.•> 

24 

249 

.01 


0-23 

3 

24 

331 

278 


0'21 

4 

24 

303 

212 

01 

0-27 

0 

48 

2S0 

73 

207 

0-32 


In view of the large gastric residue found in D^MAB-trcated animals, 
it was thought desirable to observe the rate of emptying of the 
stomach directly bj' X-ray examination. Barium was administered 
by stomach tube, and X-raj' pictures were taken after 1, 3, 0 and 
24 hours. It was found that the stomach emptied in about C hours 
in a healthj' rat, but required somewhat longer in a DSIAB-treated 
animal. In both cases, there was barium throughout the small 
intestine after G hours. 

Expt. 7. This experiment (table IX) was designed to show that the 
phenomenon persisted when the food intake was raised to the highest 
practicable level. The animals, after 200 mg./kg. DSIAB, received 


Tahi:.e IX 

t 

Liver glycogen in rats -with very large carbohydrate intake 


Hat no. 

Treatment 

Liver plycopen 
per cent. 

Average 

1 

200 mg./kg. DMAB 

1-02 


2 




3 



]■ 1-4S 

4 


1-37 


0 

»» 

1-94 

J 

7 

Control 

G-70 


8 


3-16 


9 

10 

ff 

t* 

2-59 

G-13 

5*3G 

11 

99 

G-G3 


12 

99 

G-98 



food and drink ad lib. for 48 hours before they were killed for estimation 
of the glycogen content of the liver. In addition each animal was 
stomach-fed twice a day with 6 ml. of a mixture of starch 300 g., 
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cane sugar 60 g. and "water to COO ml. The liver glycogen of the 
five experimental animals ranged from 1-02 to 2*06 (average 1'48) 
per cent, as compared vnth a range of 2*59 to 0‘08 (average 5'36) 
per cent, in six control animals. 

Experiments "were then undertaken to see if a similar effect was 
present after poisoning "with carbon tetrachloride. It was not found 
possible to correlate the survival time with an injected dose expressed 
in mg./kg. ISIost erratic results were obtained. The administration 
of carbon tetrachloride by open anesthesia gave more satisfactory 
results. Rats anesthetised for 14 hours survived for 36-48 hours. 
Rats ansesthetised for less than this time survived. Ansesthesia for 
70 minutes was chosen as being 0*8 of the “ minimum lethal time ”, 
a dose comparable muialis mutandis "with 200 mg./kg. DMAB. 

Expt. 8. Six rats -were anresthetised for 70 minutes with laboratory 
re-distilled carbon tetrachloride. They received a diet and stomach 
feeding exactly as in expt. 7. The liver glycogen was reduced in some 
cases (range 0-56 to 4-24, average 2*07 per cent.), but the effect did 
not appear to be more marked than that of DMAB. 


Summary 

_ A series of experiments is described sho’wing that in rats poisoned 
■with single large doses of p-dimethylaminoazobenzene (DMAB or 
butter yellow) the liver failed to lay down glycogen in spite of the 
ingestion and absorption of adequate amounts of carbohydrate. 
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TUBERCULOSIS IN A \VILD SPARROW-HAIVE: 
{ACGIPITER NISUS NISUS) 


James M. Hakrisok 

Scvcnoaks ' 


(Plates C a^jd CI) 

Ok Sth November 1946 , the late Dr A. Mcl^Iillan of New Romney 
Mndly sent me an adult male sparrow-hawk {Accipiter ni-sus nisus 
LinnEeus), which had been fotmd dead by Major C. F. Krabbe in 
Dymchurch, Kent. Its right knee-joint was lumpy and the bird was 
very wasted, weighing only 3^- oz. instead of the average normal 5 J oz. 
The presence of some worn and very faded tail feathers suggested 
a missed moMt. There was a small ulcer about the middle of the 
keel of the sternum, probably caused by the weakened bird’s reclining 
on this structure. 


Post-mortem appearances 

The bird was quite devoid of subcutaneous fat, and the pectoral 
muscles were markedly reduced in bulk. The left pectoralis major 
was infiltrated by growth, and similar gre3dsh-yeIlow nodular lesions 
were seen m the left deltoid and left asdlla. There was also infiltration 
of the cervical lymph glands. The right knee showed a large granulo- 
matous mass, extending on to both the medial and lateral aspects of 
the leg, and in the tibialis anticus just above the tibio-tarsal joint 
there was a further small lesion. 

Within the thoraco-abdominal cavity, multiple lesions were found 
as follows. Pro-ventriculus. The distal third had three lesions, one 
on the lesser and two on the greater curvature near the pyloric end. 
Liver. The organ was studded throughout with greyish-yellow lesions, 
ranging from a mere speck to 2 mm. or so in diameter. Lungs. The 
left lung was so largely destroyed by nodular deposits that only a 
little bright red lung tissue was visible in the hilar region. The 
pathological process had presumably extended from the lung via 
the air-sac system to the parietal surface of the sternum and thence 
to the left axilla, where the large penetrating mass was observed. 
It had not, however, extended into the ostia of the sternal keel. It 
was apparent that the muscular, bony and articular structures of 
the left pectoral girdle were grossly involved. Pericardium. This 
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sliowcd three fimnll nodules. There was no macroscopic evidence of 
involvement of the spleen, pancreas or uro-genital system, or of the 
rest of the alimentarj' tract or mesentery’. 

In birds, it is generally supposed tliat wide.spread tuberculosis, 
as this appeared to be, has its origin in an alimentary'- tract infection, 
presumably from the ingestion of an infected quarry’. Tire three lesions 
in the pro-ventriculus would therefore seem to represent the primary 
focus. The absence of intestinal lesions is remarkable, in view of 
the extensi\’c dissemination throughout other parts of the portal 
circulation. The liver is alway’s grossly affected. Dissemination by’ 
lymphatics can account for lesions in the parietal pleura and peri- 
cardium, and peri-articular lesions may’ represent infection from the 
blood stream. 


Joint tuberculosis 

Joint tuberculosis has often enough been noted in poultry, but 
this is the first example I have seen in a limited c.xpericnce of 
tuberculosis in wild birds. Accordingly I had X-ray’ photographs 
taken of the bony lesions, with corresponding views of these parts 
in a strictly comparable adult male .sparrow-hawk. 

The antero-posterior view of the affected leg (fig. 1) in contrast to 
that of the normal (fig. 2) shows the clear outh'ne of the dense fibro- 
granulomatous peri-articular mass and the lateral (varoid) displace- 
ment of the knee-joint resulting from the deformity’. There is obnous 
decalcification with marked attenuation and bending of the fibula 
and the bone has shortened from atrophy’ and absorption. Necrosis 
at the tibio-fibular joint, the point at which the peri-articular infection 
was released, has led to upward dislocation of the fibula. There is 
also loss of the normal cancellous structure of the lower end of the 
femur. A lateral view of the infected and normal knee-joints showed 
that both patellse were of the same dimensions — a point of interest 
in that the patella of a tuberculous joint in the human subject is 
not infrequently’ larger than normal. 

In the X-ray’ of the affected left shoulder (fig. 3), the following 
appearances are noted in contrast to the normal appearance of the 
same area (fig. 4). The outline of a fibro-granulomatous peri-articular 
mass is seen, similar to that around the Icnee-joint. The cancellous 
tissue of the head of the humerus has suffered some destruction and 
shows a tendency to become cystic. The rather “ fuzzy ” shadows 
of the upper part of the humeral head suggest necrosis, and, although 
it is not so clearly seen as in the Icnee-joint, there is a point on the 
supero-medial aspect of the head where the infection has discharged 
into the soft tissues. Another such point, where the cortex of the 
humerus has been breached by the inflammatory’ process, is to be 
seen on the supero -lateral aspect, where a well-defined cy’st has formed 
and burst. These two points represent the ostia through which 
infection of the peri-articular and soft tissue has taken place. 
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These characters are verj’ similar to the radiological appearances 
of the human tuberculous joint, though the porous and cancellous 
nature of avian hones alters the picture, and gives an appearance 
of fibro-cystic disease vrliich is rarely evident in the human subject. 

The tuberculous reaction in the bone itself is therefore not very 
different in bird and man, but there is nothing in human tuberculosis 
akin to the firm, fibrous and nodular formations around the joints, 
which are perhaps the most typical feature of the disease in birds. 

Histology 

Sections from the pro-ventriculus, liver, lungs, and peri-articular 
mass in relation to the right knee-joint were stained with hsematoxylin 
and eosin and by Ziehl-Neelsen’s method for acid-fast bacilli. Photo- 
micrographs of the sections of the pro-ventriculus (figs. 5 and 6) 
and of the liver (figs. 7 and S) show the nature of the lesions and the 
presence of an organism resembling Mycobacierhim tuberculosis. 


Discussion 

Harrison (1946) quoted nine investigated cases of avian tubercle 
in four species of wild birds : sis in the pheasant {Phasiamis colcMcus) 
and one each in a short-eared owl {Asio fiammeus), a black-headed 
gull {Lotus ridibundus) and a starling {Slumus vulgaris). In these, 
the lesions were most often found in the liver, spleen, oesophagus, 
pro-ventriculus, gizzard and intestine — a marked predominance of 
infection in the abdominal viscera. This clearly points to the 
alimentary tract as the usual portal of entry of the infection in birds. 
Harrison (p. 204) cites the following species as having been found 
with the disease : gull, starling, wood-pigeon, sparrow, lapwing and 
chaffinch, and quotes Mitchell and Duthie (1929) as recording 
lo per cent, of 40 crows as tuberculous. Hooke (1946) reported the 
^ease in the barn-owl {Tylo alba). In 1933, Kalter et al. noted the 
infection in a male eastern sparrow-hawk, and Hare (1931-32) recorded 
the disease in a blackbird. Most of the infected species are either 
scavengers or predators, which would naturally be ready to seize 
so easy a prey as a weakened tuberculous quarry. 

The case described in this paper is of interest in that the disease 
was widespread and included multiple bony and ligamentous lesions, 
visceral tuberculomata in birds are well known, and their histology 
IS typically tuberculous. Broadly, this shows the usual concentric 
zones around a necrotic eosinophil mass of debris resulting fi:om 
estruction of the host’s' tissue cells. Next is a layer of epithelioid 
c^ of varying depth, with plasma-cells, lymphocjdes and some 
nbroblasts, the innermost cells imperfect, structurally damaged and 
partly lysed, the peripheral cells better defined. Vacuolation of 
cells is seen in this layer, and in its outer zone many giant-cell systems 
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are seen. Outside this there is a ■vvell-defined zone of strongly basophil 
lympliocytes, and lastl}’^, at the periphery of the tubercle, a fibrocj'tic 
layer of variable depth — evidence of a reaction limiting the spread 
of infection. 

These lesions are clear-cut and discrete in the liver, where they 
are visible to the naked eye, in the histological sections, as intensely 
stained, minute scarlet dots in an othenvise normal matrbe of liver 
tissue. In the lung, the histological structure is similar, though the 
lesions are less sharplj' defined. In the pro-ventriculus the tubercles 
are situated in the submucosa. In the dense fibrous tissue surround- 
ing the joints, the essential characteristics of the tubercle are modified 
by the avascularity of the tis.sue. 


Sit7n77}ari/ 

An acid-fast infection resembling a\nan tuberculosis caused the 
death of a mid adult male sparrow-hawk (Accipifer nistis 7iisus). 
The distribution of the lesions included the liver, lungs and two 
major joints with their associated ligamentous and muscular structures. 
The post-mortem and histological appearances are consistent with 
a tuberculous infection, and the demonstration of acid-fast organisms 
with morphological characters indistinguishable from those of 
Mycobactcrhnn iubcmilosis confirms the suggested diagnosis. The 
appearances were in keeping with an initial infection bj^ way of the 
alimentary tract and later spread b}’’ the blood and 13'mphatics and 
by direct extension. 

ily thanks nro duo to tho Into Dr Arnold McMillan for the specimen ; to 
Dr Hugh R. C. Hay and Miss Stella Ticchurst for tho radiographs ; to Professor 
W. G. Barnard, Mr F. J. F. Bnrrmgton and Mr K. S. I^Iacdonnld for tho Iiistologj' 
and photomicrographs ; and to my son, Dr Jeffery G. Harrison, for the adult 
male control sparrow-hawk. 
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TOXIC EFFECTS OF SALICYLATE ON THE 
FOETUS AND ]\IOTHER 

A. V. Jacksox =*= 

Department 0 / Morbid Anatomy, University College 
Hospital Medical School, London 

Is January 194S, an eigtt-months-pregnant •svoman in the second 
stage of labour -was admitted to Uni-rersity College Hospital suffering 
from aspirin poisoning. Nine hours before, she had taken 200 g. 
of aspirin uith suicidal intent. She vras at first irrational, noisy and 
hyperpneeie, hut three hours later her condition was “ fair ” and she 
was conscious and willing to co-operate. Eight hours after admission 
she gave birth, by breech delivery, to a dead male child weighing 
o lb. 15 oz. By next day the mother was quiet and rational and 
except for some tinnitus and headache which persisted for a day or 
two she experienced no further trouble. 

It was thought possible that the child had died, in xtfero. from 
salicylate poisoning but autopsy revealed tentorial tears and cerebral 
haemorrhage without other noteworthy features. However, a sample 
of blood from the cord was found by Dr John Humphrey to contain 
a high concentration of salicylate and this finding maintained our 
Mterest in the possibility of premature death in utero being caused 
y sahcylates. Furthermore, standard pharmacology textbooks 
contain references to the danger of using large doses of salicylates 
'^ring pregnancy. Cushny (1947), for instance, says of “ Sahcylic 
preparations ” that “ large doses should be used with care in cases 
0 pregnancy, as they may lead to miscarriage ” ; according to 
avison (1944) “ Large doses (of salicylates) are contra-indicated in 
abortion may res\ilt,” while McGuigan (1940) remarks 
Vhy hemorrhages, abortions and miscarriages occur after large 
OSes of salicylates is unknown (Binz).” If these warnings are justified 
cy should be more generally known and more widely heeded, since 
3^ considerable proportion of the population, and no doubt many 
pregnant women, take aspirin. On reading the relevant obstetrical 
erature and^ on discussing the matter with obstetrical colleagues 
gamed the impression that there is very little clinical support for 
ese statements. Chorea of pregnancy, for example, is commonlv 
eated without harm to the foetus with large doses of salicvlates. 
ese uncertaintie s stimulated the following investigation, 

* Xnffield Foundation Fellcrw. 
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Expehtmental ouservations 
Placental transmission of salicylate 

Experiments were performed to iiwcstigatc the probability, a 
jniori, that salicylates can pass through the rabbit placenta. Rats 
proved nnsatisfactory for this kind of work because suiFicient blood 
cannot rcndil3’ be obtained from the small foetuses. 

A rabbit, weight 3S00 g., in the 30th daj* of pregnane^’’, was injected 
subcutaneous^ with 3'8 g. (=1 g. per kg.) of sodium salicjdate in 
aqueous solution. Two hom-s later heart blood was collected from 
the mother. At the same time the uterus was removed under light 
ether anresthesia and blood obtained from each foetus bj’ cutting the 
vessels at the ape.x of the Tight pleura and collecting it from the 
pleural sac with a Pasteur pipette. Samples were allowed to clot and 
the salicjdate content (expressed ns mg. of salicjdic acid per nal. of 
serum) estimated bj' the method of Brodic ct al. (1944). Their 
technique was followed closelj* except that the cthjdene dichloride- 
aqueous mixtures were not centrifuged to clTect separation but simply 
allowed to stand in glass measuring c^dinders for a few moments 
until adequate separation had taken place. In this e.xpcriment the 
fmtal sera were pooled, as insufficient scrum was obtained from each 
foetus for separate estimation. Tlic maternal serum of this animal 
contained 0*58 mg. of salicjdic acid per ml. and the pooled foetal 
sera 0-37 mg. per ml. 

In another experiment a 4200-g. rabbit in the 30th daj’^ of pregnanej* 
was given G-3 g. ( = 1'5 g. per kg.) of sodium salicjdate subcutaneoush'. 
Two hours later the maternal serum contained 0-75 mg. of salicylic 
acid per ml. and in five of the foetuses from which sufficient blood 
was obtained for separate estimations the corresponding values 
were 0-45, 0'52, 0-50, 0'52 and 0'G2 mg. per ml. respectivelj'. These 
observations agree with those of Fehling (1870, rabbits), Zweifel 
(1877, women) and Lannois and Briau (1898, guinea-pigs and rabbits). 

It is e\’ident that salicylate can pass quite readilj’^ through the 
placental “ barrier ” in the rabbit, an observation of some clinical 
interest, for Ratner et al. (1927) have 8ho^vn that the placental 
permeability of man resembles that of rodents such as rats, rabbits 
and guinea-pigs. 

Toxicity of salicylate for the foetus 

Since salicylates readily pass through the placenta, experiments 
were carried out to determine whether doses of this drug not lethal 
for the mother regularly cause abortion in rats and rabbits. Repeated 
injections over a prolonged period were not thought advisable, as 
this procedure leads to large subcutaneous sloughs which become 
infected, while anorexia may be severe, with reduced intake of food 
and vitamins. Vitamin-K deficiency may well be a factor in the 
production of the haemorrhages and hypoprothrombinaemia which. 
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as be noted later, some workers have stressed as important 
features of salicylate poisoning. Each animal was given a single 
injection only and the dose for clifFerent animals was varied up to 
and beyond the lethal dose for mothers. After an injection of sodium 
salicylate a pregnant rat or rabbit either dies in 4-7 hours — even 
earlier with very large doses — or it survives and is apparently well 
24 hours later. All the animals were in the last week of pregnancy. 
Two days after the injection the mother was lightly anaesthetised, 
the uterus rapidly removed and the foetuses examined for signs of 
life such as active wriggling movements in response to light stimulation. 

Rats. The lethal dose for rat mothers was between 0-5 and 
0-75 g. per kg. subcutaneously (table I). 

Tabi^: I 


Proportion of deaths of rat mothers after subcutaneous injection 
of various doses of sodium salicylate 


Do*€ (g. per kg.) of sodium 
salicylate subcutaneously 

Xo. of rata 
used 

Xo. of 
snnivors 

Xo. dying 

1 0-75 

3 

0 

3 


5 

3 

2 

0-40 

2 

2 

0 

0'30 

1 

1 

0 

0-20 

1 

2 

2 

0 


It was apparent that whenever the mother survived, so did all 
the foetuses (table 11). 


Tabi^: n 

Proportion of foetal deaths after subcutaneous injection of rat mothers 
with, various doses of sodium salicylate 


D^e (g. per kg.) of sodium sali- 
cylate subcutaneously to mother 

Xo. of rat 
Eurvivors 

Proportion of surviving 
foetuses in each litter 

O-oO 

3 

9/9 12/12 11/11 

0-40 

2 

10/10 12/12 

0-30 

1 

10/10 

0-20 

2 

10/10 6/6 


Rabbits. A similar experiment was done using a few rabbits only, 
e lethal dose of sodium salicylate for pregnant rabbits is between 
O-o and 1-0 g. per kg. (table HI). 

Of the three surviving mothers in only one were there any foetal 
eatl^ ; four out of the 13 foetuses found in this animal were dead. 

o^er words, even when the mothers were given a dose of salicylate 
ttahl o^t of 4 of them, most of the foetuses survived 
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between hexose diphosphate and pjTuvate, The gl3'cogen depletion 
is readil}’- demonstrable bj* means of Best’s carmine stain 7 hours 
after the subcutaneous injection of 1 g. per kg. of sodium salicjdate 
into a non-pregnant adult rat. 

There is no doubt that Lutwak-jrann has the right approach to 
the problem. Death from acute salic^datc poisoning is due to inter- 
ference Avith intracellular enzjTnc activity and death maj' ensue 
before such interference can be manifested bj' histological changes. 
The emphasis on the importance of hremorrhages sometimes seen 
post mortem in salicjdate poisoning (and the same comments appl3' to 
the stressing of minor lesions in other acute deaths such as acute 
sopticreraia, h3'pogl3'cromic coma, etc.) is due to a not uncommon 
and perhaps understandable reluctance on the part of the morbid 
anatomist to admit that the naked e3’-e and the microscope can reveal 
only the crude and often unimportant lesions which are secondar3' to 
essential intracellular changes. 


Summary 

1 . Salic3’lates arc transmitted from the mother to the foetus with 
ease in rabbits and rats, the blood concentrations being similar in the 
two cases. 

2 . Salicylates are no more toxic for the foetus than for the mother. 
There is no special liability to abortion or fcetal death in salic3’late 
poisoning until doses approaching maternal lethal levels are reached. 

3 . Neither haemorrhages, Ii3’poprothrombinnenua nor increased 
capillar3' permeability arc found in rabbits or rats d3nng after a single 
injection of sodium salic3’late. 

4 . Lh’er glycogen is seriousty depleted in acute salic3date 
intoxication. 

5 . The opinion is expressed that there are no specific histological 
changes in salic3dato poisoning and that the harmful effects may be 
referred to an interference with intracellular enzyme actiinty. 


I wish to thank Prof. W. C. W. Nixon for tho case notes and to express 
my indebtedness to Prof. G. R. Cameron, P.R.S., for his advice and guidance 
in tliis work. 
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BACTERIAL VARIATION AND TOXIN PRODUCTION 
BY C0RYNEBACTERIU3I DIPHTHERIM 


• C. R. A^nES 

South African Institute for Medical Research, Johannesburg 

The difficulty of obtaining consistently high yields of diphtheria 
tosru is a problem long familiar to those engaged in the large-scale 
production of this important biological substance. Successive batches 
of culture medium prepared in exactly the same manner and inoculated 
yith the same seed culture may yield toxins differing considerably 
iH potency ; and if the individual flasks of any one batch are tested 
^parately wide variations in their toxin content may be discovered. 
Until recently, no adequate explanation of these irregular results 
nad been found. In the present communication evidence is produced 
. that these variations cannot be attributed to slight differences 
in the media or cultural conditions but that, on the contrary, they 
are due to intrinsic properties of the strain of Corynebacfemim 
tpntherice employed. As the investigations progressed it became 
evident that the results could be interpreted in terms of bacterial 
■vanation. They thus fell into line with views recently expressed by 
other workers in this field, and the conclusions ultimately reached 
are in fiiP agreement with this concept. By making use of this new 
owledge the difficulties and uncertainties of routine toxin production 
can now be largely overcome. 


Previous iNVEsnGAnoNS 

Park-tVilliams no. 8 strain of C. diphtheric^ (P.W. 8), used exclusively 
a present studies, was originaUy isolated by Park in 1895 from a patient 
attack of faucial diphtheria. Since that time the strain 
of d' iu laboratories all over the world for the large-scale production 

PWheria toxin, and for this purpose it still appears to have no equal. From 
in i reports have appeared that the strain had deteriorated 

at ^ Wilcox reported that the original strain maintained 

to Vi W t Tork. State Department of Health had ceased 

a quality and that it had been necessary to replace it by 

Some ^ Pasteur Institute, Paris, in 1896, 

Labomt ^ toxigenic power of the P.W. 8 strain used at the Connaught 

bv Co became unstable. The cause of this was investigated 

a'virulenrvll- ^cceeded in isolating a completely non-toxigenic and 

She infr^^ ^ method of serial colony selection, 
erpreted her results as evidence of a S-B variation, the B form beine: 
J- riin. BicT.— Tor. lx sbs 
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non-toxigcnic, nnd miggcstcd tlmt under certain condition? the R form becomes 
the prcdominnnt typo nnd overgrows tlio toxigenic organisms. TJie present 
communicntion is cssontinlly n development of this thesis. 

A serious objection to Cownn’s hypothesis wns provided by exjieriments 
pro\-iotisly reported by Pou'ell (1023), wlio lind found flint with recently isolnfcd 
strains of C. diphtlicriw the property of virulence, which is an expression of 
toxigenieity, remained remarkably constant. Repeated single-cell isolations 
carried out over a period of two years yielded sub-strains which showed the 
same degree of virulence ns the parent strain. Powell’s results, frequently 
quoted ns evidence of the stability of C. diphtheria-, are flatly contradicted, 
however, by those of Crowell (1020), who also used the method of singlo-ccll 
isolation. Crowell’s work seems to show conclusively that a small minoritj' 
of the cells composing a virulent culture are completely non-toxigenic. In 
order to reconcile these conflicting results it may bo suggesto<l that Crowell 
wns fortunate in his chance selection of a non-toxigenic cell. It is also possible 
that the strains which ho studied had been maintained for a considerable time 
in the laboratory nnd were therefore in a dissociating phase : ho gave no 
infonnation on this point. On the balance of the evidence, and talcing into 
account the experience of earlier workers such ns Bernhardt (1015), it seems 
justifiable to accept the view that cultures of this organism may undergo 
dissociation nnd that non-toxigcnic variants are the result. 

In more recent times the study of these intrinsic jiroperties has to a largo 
extent boon abandoned in favour of research on the extrinsic regulators of toxin 
production, 'riio constitution of the nutrient medium has received particular 
attention and considerable improvement in the yield of toxin has thereby 
been achieved. Two separate linos of investigation have been followed : the 
elaboration by more or less empirical methods of a medium having as its basis 
an infusion or digest of meat, nnd the search for a chemically defined medium 
capable of supporting growth with a high yield of toxin. Digest media prepared 
by the methods described by Pope nnd Linggood (1939) will yield toxins with 
a value of 70 Lf doses per ml. or more, while Mueller nnd ^lillor (19-11) have 
obtained oven bettor results with chemically defined media. The disadvantage 
of these is the high cost of the pure amino-acids which they contain nnd it is 
presumably for this reason that digest media are usually preferred for the 
large-scale production of toxin. 

Within recent years two further communications have appeared which deal 
with the subject of variation in C. diphtheria;. In both of these, the first by 
Regamoy (1944) nnd the second by d’Antona nnd Fnlchotti (194C), the authors 
wore able to demonstrate the presence of two different tj-pes of organism in the 
parent P.W. 8 cultures. One of these had the characters of an organism in 
the R phase and wns highly toxigenic, whereas the other, which resembled an 
S form, wns a poor producer of toxin. Tlio results of the present studies disagree 
with these findings on a number of points. It will bo advantageous, therefore, 
to postpone further discussion of these papers until my own findings have been 
presented. 


Experimental 

The P.W. 8 strain used throughout tliis investigation was that 
designated ON 77 in the Wellcome Physiological Research Laboratories’ 
collection. It originated several years ago from a single colonj'- taken 
from a plate culture of the original P.W. 8 strain. In the laboratory 
from which I write strain CSST 77 has been employed for routine toxin 
production during the last two j^ears, usually uath good results but 
with variations in potency of the Idnd described above. At the time 
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when tliese studies were begun, the routine medium consisted of equal 
parts of real infusion and Marlin’s pig-stomach digest, ■wdth the 
addition of l-O per cent, of sodium acetate, 0*0 per cent, of maltose 
and 0-2 per eent. of glucose — an unusually high content of fermentable 
carbohydrate. At a later stage this medium was abandoned in 
favour of a “ straight-line ” trj’^ptic digest of ox meat prepared 
according to the method of Pope and Linggood. For experimental 
purposes these media, with the addition of phenol red as indicator, 
were distributed into test-tubes or 8 oz. “ medical flat ” bottles which 
were incubated in a sloping or flat position in order to maintain the 
optimal surface-volume ratio. When a series of tubes or bottles 
had to be seeded with the same culture, a uniform suspension was 
prepared and a constant voliune equivalent to 100 million organisms 
added to each tube or bottle. 


Bvidenix. that irregiilariiy of groivth and toxin formation is not 
due to eodrinsic agents 

The following experiment will establish that intrinsic properties 
may determine the amount of toxin produced. 

A flask of the infusion-digest medium was distributed into 12 
bottles, 50 ml. to each. Each bottle was then inoculated with 0*1 ml. 
of a saline suspension of strain CN 77 from a 24-hour Loefller culture. 
After 48 hours’ incubation it was apparent that four of these cultures 
would fail to produce toxin : the medium had become highly acid 
(pH 5-5), there was no pellicle formation and only a moderate amormt 
of deposit. The remaining 8 bottles showed normal growth at this 
stage and in due course they produced toxins with values between 
35 and 40 Lf doses per ml. The four “ failure ” bottles were re- 
adjusted to pH 8-0 and re-inoculated with strain CM 77 as before. 
On further incubation two of the re-inoculated bottles produced good 
growth with thick pellicles, the medium remaining alkaline, as the 
glucose had been used up during the first 48-hour period. When 
the toxins were harvested on the tenth day one showed a value of 
30 and the other of 20 Lf doses per ml. This type of experiment was 
performed several times with essentially the same result. 

These findings provide a clear demonstration that the failure of 
some of the cultures to show normal growth and toxin formation cannot 
be attributed to any deficiency in the medium, since re-inoculation 
may be successful. The only alternative is to assume that the variable 
factor is in the inoculum itseK. There are serious objections, however, 
to this assumption. As already stated, the inocrdum for each bottle 
Was a well-dispersed suspension containing 100 million living organisms. 
Even if the individual bacteria differ in their ability to form toxin, 
ahqpots of a heavy suspension must contain toxigenic and non- 
toxigenic organisms in the same ratio ; they should therefore behave 
m the same manner when inoculated into a series of flasks of the 
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same medium, Tlio lieterogeneiiy would become apparent onty if 
the suspension was so diluted that the inoculum contained so few 
organisms that random sampling became operative. At present no 
whollj^ satisfactory explanation can bo offered to ineet this objection. 
Nevertheless, the significance of the exjierimont remains ; a variable 
factor in the inoculum determines the amount of toxin produced in 
a suitable medium. 

Evidence of the hclcrogencilti of strain CN 77 

Tlic nc.xt step was to test the suggestion alroadj' made in this 
paper that strain CN 77 consisted of a mi.xturc of organisms which 
differed in their toxigenic and other properties. Proof of hetero- 
geneity was readily obtained and the separation of toxigenic and 
non-toxigcnic sub-strains was accomplished. Two different methods 
wore emploj'ed. In the first the usual technique of colony selection 
was used ; in the second the best and the poorest of a batch of broth 
cultures were chosen as seed for a second scries and so on. It was 
further demonstrated that a non-toxigcnic strain, once isolated, did 
not regain its toxigenic power, whereas a highly toxigenic sub-strain 
continuously produced a small number of non-toxigcnic variants. 
The following experiments arc representative. 

Colony selection method. The parent strain was plated on Neill’s 
blood-tellurite agar (Neill, 1937). After 48 hours at 37° C. ten colonies 
from the same plate were transferred to Loefller slopes and the resulting 
ten sub-strains tested for toxigenicity by seeding each into 5 bottles 
containing the same batch of medium (glucose 0‘2 per cent., maltose 
0-G per cent.). The results are shown in table I. 


Table I 

Differences in toxin production among ten sub-strains derived bij colony selection 
from the same parent strain of C. diplitheriro 


Sub-strain no. 

Potency of toxins (Lf do«es per ml.) nfXer 10 days* Incubation at 

117® C. tested in bottle no.* 

1 

•> 

3 

4 

5 

I 

45 

45 

45 

40 

<5 

II 

40 

35 

35 

25 

<5 

in 

55 

50 

45 

45 

20 

IV 

60 

40 

40 

30 

30 

V 

46 

40 

35 

<5 

<5 

VI 

40 

35 

<5 

<5 

<6 

VII 

40 

40 

40 

40 

35 

VIII 

40 

40 

35 

20 

15 

IX 

<6 

<6 

<5 

<5 

<5 

X 

40 

35 

35 

30 

<5 


• For toxigenicity testing each sub-stmin was seeded Into 6 bottles. 


The ten original colonies selected for this experiment differed 
only slightly in appearance but it was noted at the time that no. IX 
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The effect of glucose on toxin production hi/ C. tliplitliorte 
CN 77 sub-el rain III 


I pU ami iKlllclf fonnatloii during Inciil'.itlcin fur 

filtlro-'- 1 

Toxin tc«tcd 
on 10th day 

Culture Vi^Vin. 1 

no. (^l"r 21 linurs 4 s limits j T2 Inurs 

1 pui o ) 1 ! 

OC houn 

i.r 

•>xr 

i 1 j 1 1 


do'-^'^ 
jK-T ml. 

J>U 

rH { IH-Illcle i 7 »H f ivlllrlr 1 pll jK'lllrl'' 

'1 j 1 

rll pelllrle 




Pellicle formation ; ± indicates a very thin film, ± a slight film and + to + + + + 
firm pellicles of increasing thickness. 

The basic medium contained 0-4 per cent, of maltose and phenol red ns indicator. The 
final pH values wore determined oloctrometrically. 
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■with each increment of glucose until a maximum of 61 Lf doses 
per ml. ■was reached at 0-075 per cent., representing a 24 per cent, 
increase compared with the mean value of 49 Lf doses per ml. for 
the same medium without glucose. Yields of this order in the cultures 
in ■wliich toxin was produced at a slightly higher glucose concentration 
were offset by the other cultures of tire same series in which there 
was a failure of toxin formation. Substantially the same results were 
obtained when the parent strain CN 77 was used as the seed culture 
but the critical concentration of glucose was lower than for sub- 
strain in. 

The behaviour of the non-toxigenic sub-strain IX was next studied. 
In the basic medium with maltose alone this strain produced a uniform 
turbidity which settled after 24 hours’ incubation to form a flaky 
deposit, the pH falling from the initial value of 8*0 to 7-2. The 
presence of toxin could not be demonstrated b3’^ the flocculation test. 
After seven serial transfers in this medium a thin surface growth 
appeared in some of the cultures but this was immediately disintegrated 
by the slightest movement, being replaced by a uniform turbidity. 
Reversal of pH was now more marked but toxin could still not be 
demonstrated by flocculation. It seemed hkely that the strain might 
revert to the characters of the parent strain if it were continuously 
maintained on a glucose-free medium but this expectation was not 
realised. After twenty more serial transfers at 48-hour intervals it 
stUl failed to produce a firm pellicle or to form toxin in amoimts 
demonstrable by the flocculation reaction. Similar results were 
obtained ■with two other non-toxigenic strains isolated by colony 
selection. It seemed justifiable therefore to regard these non-toxigenic 
sub-strains as true variants ■svith stable properties. A study of their 
colonial morpholoCT’ described in a later section of this paper confirmed 
this belief. 

Culture selection method. The second method of demonstrating 
heterogeneity was to maintain the parent strain in a medium of high 
glucose content, choosing for each transfer the best and the poorest 
growth from the series of tubes inoculated. This procedure and its 
results are illustrated by the foUordng experiment. 

Strain CN 77 was seeded into five ■tubes of the infusion-digest 
medium containing 0-6 per cent, maltose and 0-2 per cent, glucose. 
After 48 hours’ incubation two of the five cultures had reverted to 
an alkaline reaction and showed pellicles, while the remaining three 
cultures were strongly acid and gro-wth was limited to a deposit at 
the bottom of the tube. The first culture to show pH reversal was 
chosen as the seed for a second series of five tubes of the same medium. 
Again the best of these cultures was used as seed for a third series 
and so on through 15 such sub-cultivations (table HI). 

final series of subcultures (no. XV) was made in 50 ml. of 
medium so that the toxins could be assayed by flocculation. The 
potency of the toxins, harvested on the tenth day of incubation, 
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showed little variabilitj^ ranging between 40 and 40 Lf doses per ml. 
By this simple proeedurc therefore it was possible to reduce con- 
siderably the variability iti toxin formation but the improvement 

Ol'Arir.K III 

Incidence of cidlurcs with growth chnraclcr.f associnted with toxin production 
after serin} suhcidture of selected tubes 


( 

Scrhl no. of mliculhiri' 

1 

Xo. orcultiin-i fliOMinff 
noranl (:rov\th j 

I i 

2 out or o 

n 

•I 

HI , 

T) 

IV ! 




vr 

r > 

VII 1 

•I 

VIII-XIV 


1 

10 „ 10 


was not permanent, for after being maintained on Loefiler medium 
for a few weeks the strain again showed irregularity of growth and 
toxin formation when cultured in media with a high glucose content. 

The second part of this experiment was concerned with the later 
behaviour of the cultures that failed to Show pK reversal. Continued 
incubation resulted in death of the organisms, subcultures seldom 
being successful after 72 hours at 37° C. The strains could be main- 
tained, however, by daily pas.snge in the medium with glucose and 
in this they continued to produce a persistent acidity without pellicle 
formation. In the medium without glucose the}" cventuall}’^ formed 
a readily dispersed surface growth similar to that produced by the 
non-toxigenic sub-strain IX. 

It thus appeared that stable non-toxigenic variants could bo 
obtained from strain CN 77 either by colony selection or by using 
media with a high glucose content. Once the non-toxigenic variant 
had been temporarily eliminated the normal toxigenic organisms 
would accept the high concentration of glucose presumably because 
the rate at which they broke down the sugar was slower than that 
of the non-toxigenic valiant. 

Colonial morphology 

Throughout the investigation the parent strain and its sub-strains 
were plated at frequent intervals. The media used were blood-agar, 
serum-agar, and Neill’s tellurite-agar, all prepared from horse blood. 
The differences observed were most plainly revealed by the tellurite 
medium and the descriptions that follow are based on these. 

The parent strain CN 77 after 24 hours at 37° C. appeared as small 
(0"l-0'3 mm.) convex black colonies with a shiny surface and a narrow 
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transparent flattened peripheral zone. After 48 hours these colonies 
increased to 1-3 inra. but were otherwise unchanged. At this time, 
however, a few colonies were noted Avhich were grej'-black in colour 
and flatter than the rest, with a less shiny surface and a rounded or 
bevelled edge but without a transparent periphery. On further 
incubation these colonies developed a matt surface with radial and 
concentric striations. Usuallj' the centre of the colony was raised 
above the level of the peripheral portion ; rarely it was crater-shaped. 
Although these two types of colony were readily differentiated it 
must be emphasised that colonies with an intermediate appearance 
were sometimes present, so that there was a gradation rather than 
an abrupt transition from the predominant shiny raised colony to 
the me ffat matt type. A total of 30 sub-strains, including the 
10 already described (table I), were obtained from the original strain 
CN 77 and each of these was replated at intervals and tested for 
tojdgenicity. The knowledge gained from the examination of several 
hundred such cultures may be summarised by the statement that 
sub-strain m and other toxigenic strains resembled the parent strain, 
■^vhereas sub-strain IX and other non-toxigenic strains produced only 
the fiat grey-black matt tj-pe of colony. Both Regamey and d’Antona 
and Palchetti described an extremely rough type of colony with 
crenated edge and a rugose surface, ffliis type was never encountered 
in the present studies, in which all sub-strains cultured on Loeflfler’s 
medium produced a growdh which was light cream in colour ; 
pigmentation was not observed even after the cultures had been 
stored for many weeks either in the dark or in subdued daylight. 

None of these strains fermented starch. Tests for hsemolytic 
activity, carried out by the method described by Hewitt (1947), 
showed that the parent strain and its toxigenic sub-strains were 
unable to hsemolyse horse or rabbit red cells but the non-toxigenic 
sub-strain IX produced rapid hsemolysis of both. This unexpected 
finding emphasises still further the extent to which this strain differs 
from the original. 
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solelj' on tlio nbilitj’ of the organism to produce toxin in the animal 
body.* The findings emphasise a limitation of the virulence test as 
ordinarily performed ; it gives no indication of the amount of toxin 
which the strain is capable of producing under optimal conditions. 
In order to measure these dificrcnccs it was necc-ssar^' to make 
repented determinations of the JI.L.D. and of the Lf or Lr dose of 
cultures in a suitable medium. The results of one such experiment 
arc given in table IV. Strain no. '.i, included for comparison, was a 


I'ahli: IV 

Toxin production bij ^tub-ntrains III and JX, and by a 
initia strain (no. 3) 


strain 

To.xln content cxprr'val tb" I.r/JOO (Io=e 


1 

2 

3 

-t 

G 

0 

7 

8 

0 

10 



Sub-<traln III 

Sub-straln IX 

no. 3 

0 0025 

0018 

0-050 

0-00003 

(•IT) 

O-OIS 

O-OOIO 

o-wooso 

(40) 

0-000 

0-0010 

0 000072 
<10) 

O-Ol 

0-()02 

0-000072 

(«) 

OOOTo 

0-001 


o-oooou 

(10) 

O-OOi 

0-001 


0-00001 

(47) 

0-007 

0-001 



Tlic nmirc’ In parcntho^It nr<' tin' I.r vnltiM (no. of I,f per ml.) of tli'' toxins proJiiccd by sub- 
stmln III. 


virulent mi/is typo which had been recently isolated. Each strain was 
seeded into 50 tubes of the same batch of medium, and five cultures 
of each strain were removed every daj’- from the incubator and tested 
separatel}’- for toxin content. The figures shown in table IV are the 
means of each set of 5 determinations. 

In ^^ew of these findings it is obviously incorrect to speak of 
sub-strain IX and similar variants as non-toxigenic strains. Instead 
of possessing the abnormally high in-\atro toxigenicity of a P.W. 8 
strain they are comparable in this respect to the majority of \drulent 
strains isolated from throat swabs. In this connection it 'will be 
remembered that the M.L.D. for man is not much larger than that 
for the guinea-pig. 


Practical applications 

As a result of these studies a number of modifications were 
introduced into the routine method of large-scale production. These 
changes, including those affecting the culture medium, brought about 
an improvement in the yield of toxin and a brief description of our 
current practice may therefore be of interest to other workers in this 
field. 

The highly toxigenic sub-strain III replaced the parent P.W. 8 
strain, from which it was derived by colony selection. Sub-strain III 

* The ovidonoo on which this stotemont is based will bo given in a later publication. 
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is maintained continuous^ on tryptic digest medium {Pope and 
Linggood) containing maltose 0*3 per cent, and glucose 0*05 per cent, 
•nith phenol red as indicator. This medium is adjusted to contain 
100 [ig. of ferrous iron per litre. Subcultures are made at intervals 
of 48 hours, never longer. On each occasion five tubes of the medium 
are iaoculated and the one vrhich shows the earliest reversal of pH 
and the firmest pelKcle is chosen as the seed for the succeeding five 
subcultures. A fluid medium has two advantages ; any change 
from the normal appearance of the pellicle is an indication that 
dissociation is taking place ; and the presence of a contaminant is 
usually obvious at a glance. However, if it is preferred to maintain 
the strain on a solid medium, plain inspissated serum or Loefder’s 
medium made firom glucose-free broth should be employed. Loefifier’s 
medium as ordinarily prepared contains 0-25 per cent, of glucose 
plus the sugar that was present in the serum. It is an advantage to 
incorporate an indicator such as phenol red in solid media so that 
the reaction of the culture may be evident. 

The same tryptic digest medium with glucose and maltose is used 
for the actual production of toxin. The optimal period of incubation 
before harvesting has not yet been fixied. Under experimental 
conditions the toxin-production curve reaches its maximum on the 
fifth or sixth day. Under the conditions of large-scale production, 
however, a small proportion of the flasks show a lag in toxin production 
and in these the maximum may not be reached until the tenth day. 
Thus the mean potency of the batch may be increased by longer 
incubation but this advantage is off-set by the greater concentration 
of metabolites and products of bacterial autolysis which accumulate 
in the medium. The presence of these substances is undesirable 
whether the toxia is to be used in the preparation of diphtheria 
prophylactics or for hyper-immunisation of horses. The relative 
merits of early and late harvesting of the toxin cannot be finally 
judged until further information becomes available. 


Discussiox 

The facts established by these experiments are in harmony with 
the present concept of variation which regards a bacterial strain, 
even one derived from a single cell, as a heterogeneous population 
whose individual cells are potentially or actually endowed with 
different properties, though the fundamental characters of the species 
are shared by all. Some organisms readily dissociate so that this 
heterogeneity is easily demonstrated, whereas in others it is revealed 
only by colony selection or single-cell isolation, or by alterinc^ the 
cultural environment of the strain as a whole so that a tvpe of cell 
wliich was previously in the minority becomes the dominant cell type 
Tins concept, first clearly enunciated by Bernhardt (1915), has received 
considerable support from the more recent work of Lewis (1934) on 
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Bacterium coli-uivlabilc and ofDesko\ntz (1937) on Salmonella aertri/cJ:e. 
To tlicso examples, and many others not cited, it is now possible 
to add the heterogeneity of the present strain of C. diplilhcricc in 
respect of its carbohydrate metabolism and toxigenic properties. 
Whether other strains behave in a similar manner is not yet known 
but preliminary experiments suggest that the toxigenic power of a 
recently isolated strain can be increased bv selective cultivation. 

It is now necessary to compare these results and the deductions 
made from them with the previous studies of Regamey and of d’Antona 
and Ralchetti to which brief reference has already been made. 
Reganic}’’ studied four P.W. S strains named “London,” “Basel,” 
“ Toronto ” and “ Dresden ” after the cities from which they were 
obtained. Each of these when cultured on Locffler’s medium gave 
rise to two t3’pcs of colonj*. Variant “ A ” was j'ellow-white in 
colour, hemispherical and small ; variant “ B ” was markcdlv 
chromogcnic (“ coulcur chamois ”), flattened and considcrablj* larger 
than A. When grown in suitable media variant A produced no 
detectable toxin and failed to show pH rever.cal, whereas B produced 
toxins with a potenej- of 40 Lf doses per ml. With strain “ London ” 
these variants became stable after a number of subcu]ture,s. It will 
be noted that the present findings disagree with those of Regamey* 
on two important points : mj' sub-strains failed to show differences 
in chromogenicit}’, and the propertj' of toxigcnicitj' was associated 
with the small shin.v convc.x colony and not with the large flat variant. 

d’Antona and Falchctti also sought to e.xplain iiTCgularit}' of toxin 
production in terms of bacterial variation. Worldng Avith a P.W. S 
strain, they found that cultures on plain agar or inspissated serum 
shoAved little eA'idcncc of differentiation, but AA-hen rabbit blood-agar 
Avas used two distinct types of colonj' Avere obtained, AA'hich the}' 
illustrated and described in detail. One tj-pe shoAved all the characters 
of an organism in the smooth (S) phase : 1-2 mm. in diameter, circular, 
convex and shinj'^, with an entire edge, an opaque centre and a 
transparent peripherj'. A stable suspension Avas obtained b}'’ 
emulsifj'ing the groAvth in saline. In contrast to this, the second tj'pe 
was t3q3icall3’^ rough, flat and grey-wliite in colom’, with an irregular 
edge and a rough surface Avhich did not reflect the light. The groAvth 
was dry and friable and Avas suspended AA'ith diffieulty in saline. After 
several days’ ineubation the colonies became even flatter and increased 
in size to a diameter of 5 mm. In stained films the S forms showed 
long Gram-negative rods completely free of polar granules, whereas 
the R forms consisted of short Gram-positive rods Avluch showed 
marked bipolar staining. In the medium normally used for toxin 
production the S form produced uniform turbidity and failed to 
show either pH reversal or pellicle formation. The R form, on the 
other hand, produced a t 3 q)ical pellicle Avith normal pH reversal. 
Toxin formation was minimal Avitli the S form (5 Lf doses per ml.), 
whereas the R form yielded toxins Avith a value of 40 Lf doses per ml. 
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WTien the two sub-strains were tested for virulence in guinea-pigs 
no appreciable difference could be demonstrated. From this finding 
these workers concluded that the S form was virulent but not toxigenic 
whereas the R form was both \-irulent and toxigenic. The results 
of my own ^^^ulence tests thus agree with those of d’Antona and 
Falchetti ; but wliile the}' postulate the presence of a virulence 
component distinct from toxigenicity, I consider that the results 
can he explained on a quantitative basis with toxin formation as 
the sole lethal factor. Continuing their researches, these authors 
found that neither form retained its characters on further subcultiva- 
tion but that either form gradually changed into the other, and all 
stages of transition from one to the other were recognised. This change 
from R to S is a most unusual finding in studies of bacterial variation. 
It does not tally with my experience, which indicated that toxigenic 
gave rise to non-toxdgenic organisms, but never the reverse. The 
most serious disagreement, however, concerns the colonial morphology 
of the toxigenic strains. They found that toxigenicity was a property 
of the rough variant, whereas in my experience it is the smooth 
colony which produces toxin and the flat lustreless type of colony 
that is deficient in this property. Colonies with the degree of roughness 
described and illustrated m their communication were never observed 
in the present investigation. All the sub-strains which I studied, 
whether toxigenic or not, would probably be regarded by d’Antona 
and Falchetti as examples of their intermediate S-R forms. There is 
general agreement, however, on what is after aU the most important 
finding : the modem P.W. 8 strains are in a highly unstable condition 
and will dissociate into a phase of low toxigenicity, this change being 
associated with an alteration in the ability to metabolise carbo- 
hydrates. So long as this phenomenon is recognised the colonial 
appearances assumed by the organism at any particular stage of its 
dissociation are more of academic than practical importance. The 
T-W. 8 strain has been in existence for half a century ; it is not 
surprising therefore that sub-strains from different laboratories should 
now show marked cultural differences. 

One further point deserves mention because of its possible 
significance in clinical practice. Studies of the blood-sugar in clinical 
practice reveal that there is often hypoglycaemia in diphtheria. The 
administration of glucose either intravenously or by mouth is therefore 
a logical procedure and is recommended as a useful adjuvant to 
specific treatment with antitoxin (Harries and Jlitman, 1947). The 
usual explanation is that glucose helps to protect the heart from 
the action of the toxin. K the resrdts of this investigation can be 
applied to other strains of C. dipktheritB an alternative explanation 
may be suggested. By increasing the glucose concentration in the 
blood and tissues the organisms in the tonsils or other sites of infection 
^ be brought into contact with a medium which is unfavourable 
for toxin production. A blood-sugar level of 0-15 per cent, can be 
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casil}’’ iiiaintaincd administration of glucose and my in-vitro 
experiments show tliat at this concentration tlic P.W. 8 strain may 
cease to form toxin. Experiments are being carried out to test the 
validity of this In^iothesis. 

StTMMAHY 

1. A study was made of the causes of irregularity in toxin formation 
by a Park-Williams no. 8 strain of C. diphtheria'. 

2. The strain investigated was found to bo composed of a mixture 
of highly toxigenic organisms and others with a much reduced capacity 
to form toxin. The two ty'pes of organism were separated. Besides 
their difference in toxigenicity thej' were found to differ in colonial 
morphology and in their reaction to glucose in the culture medium. 

3. The presence of glucose above a concentration of 0'07o per cent, 
favoured the dissociation of the toxigenic sub-strain, with the 
production of tlio poorly toxigenic variant. Tin’s, after first isolation, 
appeared to bo stable. 

4. Regularity of toxin formation was thus found to depend upon 
the use of a strain which was in the highly toxigenic phase. Jlethods 
of isolating such strains and of maintaining them in this condition 
are described. 

5. These findings arc compared with the results rccentl}' published 
by other workers in this field. 
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{Shigella shigce) 

REDISTRIBUTION OF BODY FLUIDS IN 
DYSENTERIC TOXiElMIA 

R. D. Seuevikatne 

Department of Morbid Anatomy, Univcroity College Hospital 
Medical School, London 

(Plate CII) 

CoNSiDEiiABLE experimental evidence has accumulated to show that 
a wide variety of factors cause alterations in the volume and distribu- 
tion of body fluids. It has been claimed that intravenous injection 
of certain bacterial toxins produces blood-volume changes in experi- 
mental animals. Yannet and Darrow ( 1933 ), using diphtheria toxin, 
and Penner and Bemheim ( 1942 ), using dysentery (shiga) toxin, 
demonstrated haemoconcentration, their evidence being based on the 
red-ceU count, the haemoglobin percentage and the hsematocrit 
reading. No direct estimations of blood volume were made by these 
workers. 

I have undertaken a study of the blood-volume changes in rabbits 
given dysentery (shiga) toxin intravenously, using direct measurement 
as well as the above indirect criteria. Plasma proteins, extra-cellular 
fluid and the behaviour of Evans blue given intravenously were also 
studied in an endeavour to explain these changes. Autopsy and 
microscopic examination helped to trace the distribution of body 
fluids. 


SIatebiai. akd methods 

Healthy adult rabbits weighing 2-3 kg. were used. The animals were not 
anasthetised. Injections were given into and blood collected from the marginal 
vein of the ear. As rabbits are known to possess a readily available store of 
fluid for replacing fluid loss (Cameron and Courtice, 1946-47) they were kept 
on a dry diet for two days and fasted for 24 horns before toxin was injected. 
Controls were treated similarly. 

The toxin, provided in generous amounts by Dr C. L. Oakley of the Wellcome 
Physiological Laboratories, Beckenham, Kent, contained 25 units per c c 
By trial, it was found that 0-25 unit killed a rabbit, on an average, in 60-72 horns 
and this dose was adopted. The toxin was diluted in physiological saline so 
that the 0-25 unit was contained in 1 c.c. (i.e. 1 in 100). As controls, rabbits 
wdcr Identical conditions of caging and feeding were given toxin which had 
been heated at 75° C. for 15 minutes. 
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HtnnaloJogical c-x/i m inal ionn 

Bed blood corpuscles. Totnl reel rollq wore counted with the Tliomn-Zciss 
hmmooylomoter. Tlio hromntocrit method wns used for t'stiinnting corpuscular 
voluino. Capillary glnos tubing about 0-8 mm. boro was Bolectod for this 
purpose by running n length of mercury into the lumen and measuring it nt 
interv-nls. Any tube with nn xmovon boro was discarded. Tho h.'cmntocrit 
tube was spun for 45 minutes at 3000 r.p.m. I am indebted to Dr F. C. Courtico, 
Department of Physiology, O.vford, for details of iho method. 

Plasma volume was estimated with Kvnns blue according to tho method 
of Courtico (1943-44). Tho strength of dye solution u.scd was CO mg. per 100 c.c. 
in physiological saline and tho doso for n rabbit wn.s 2 c.c. Dye concentrations 
wore estimated in a photo-cell colorimeter. AVhen blood is withdrawn a few 
minutes after tho injection of the dj’c, tho error caused by tho small amount 
of dye which has disappeared up to tho time of withdrawal may bo corrected 
by estimating tho dyo concentration nt ft, 15 and 30 minutes and extrapolating 
tho curve so obtained back to zero. This theoretical value represents tho 
concentration of tho dye if it wore completely mixed nt the moment of injection. 
However, tho taking of three samples of blood for each estimation was 
impracticable in rabbits which had to bo bled .several times n day for tho various 
examinations. Single readings were therefore made C mintitcs after injection of 
tho dyo. This was found by trial and from the oxporienco of Courtico to bo 04 
per cent, of tho zero reading. Tho necessary corrections wore made accordingly. 

Disappearance curves of Evans blue. In order to study changes in capillary 
permeability, disappoamneo cur\’os of Evans blue were plotted before and 
after injection of toxin. Hopps and Lewis (1047) usctl Evans blue for n similar 
study. This dyo is firmly bound to the plasma proteins (Courtico) and behaves 
like serum albumin ns far as pennenbility of mombranes is concerned (Rnwson, 
1042-43). In order to trace tho path and tho distribution of fluid leaWng tho 
blood vcs-sols, 4 c.c. of n 2 per cent, solution of Evans blue were injected into 
rabbits which had received toxin, and into controls. Tho animals were lulled 
forty-fivo minutes later and tho distribution of the dyo in tho tissues studied. 

Extra-cellular jltiid. This was estimated with sodium thiocyanate according 
to tho method of Crandall and Anderson (1034). Rabbits were given 20 mg. 
per kg. of sodium thiocyanate as a 2-5 per cent, solution. Tho plasma proteins 
were precipitated with 20 per cent, trichloracetic acid. Ferric nitrate was added 
to tho filtrate and tho colour, developed rapidly, matched in a photo-cell colori- 
meter. By so timing tho injections of Evans blue and thiocynnato it was 
possible to use ono sample of blood for tho estimation of both plasma volumo 
and oxtra-collular fluid. 

Plasma proteins and non-protein nitrogen. These were estimated by micro- 
Kjoldahl digestion and titration according to tho method of Rimington and 
Bicldbrd (1047), 0-1 c.c. of plasma being used for each of tho protein fractions. 
For incineration, 50 per cent, (w/v) sulphuric acid containing 1 per cent, selenium 
dioxide was used. A drop of saturated copper sulphate was added to each 
2 c.c. In distilling, 50 per cent, (w/v) sodium hydroxide was used for allcalinisa- 
tion. Tho distillate was collected into saturated boric acid. Tho ammonia 
was titrated directly with sulphuric acid, using methyl rod ns indicator. Tlie 
factor 6‘26 was used to convert nitrogen to protein values. 

A record was kept of tho clinical condition of the animal, autopsies were 
performed on all and sections prepared of tho chief organs. 

Restots 

Ror about 2 hours after the injection of toxin the animals appeared 
normal. The first change noticed was the occurrence of irregular 
periods of rapid breathing. In about 4 hours rabbits appeared to be 



BODY FLUIDS IN DYSENTERIC TOXIEMIA 


611 


less active and their coats became rough. About this time in some 
but a little later in others, the ears were drooping, the extremities 
cold and bleeding was slow and difficult. These signs gradually 
increased until in 24 hours the animals appeared very ill with the 
abdomen noticeabl}^ distended. From this time onwards a gradually 
increasing and spreading paralysis appeared, sometimes starting in 

Tousle I 


EQccl of the rntraccnoiis injection of 0-25 unit of dysentery toxin 
{average of 6 experiments) 


1 Time 

Hb. 

(per 

cent.) 

K.B.C. 

Hnitnivlo- 
crit (per 
cent.) 

Plnsma 

vol. 

(c.c.) 

Red ccU 
vol. 
<c.c.) 

Extra- 

cellular 

Proteins (g. per 100 c.c.) 

K.P.X. 
(mg. per 
100 c.c.) 

Weigl 

(million*) 

fluid 

(c.c.) 

Total 

Albumin 

Globulin 

(fl-) 

Before 


6-69 

43 -4 

87-41 

64-90 

588-3 

7-263 

6-050 

1-213 

18-33 

235C 

2 hrs. 
after 


6-78 

42-G 


... 


... 

... 

... 

... 


4 hrs. 


6-83 

41-9 

79-01 

57-23 

... 

6-990 

5-780 


96-66 

... 

1 24 hrs. 
after 


7-00 

41-3 

75-15 

52-5 

616-9 


5-718 

1-366 

136-60 

2292 

48 hrs. 

after 

97-0 

5*87 

38-6 

72-30 

45 -5 

728-6 

6-649 

5-350 

1-299 

180-00 

2280 


tabi£ n 


Effect of intravenous injection of 0-25 unit of heated dysentery toxin 
{average of 4 experiments) 


Time 

Hb. 

(per 

cent.) 

R.B.C. 

Hretnato- 
crit (per 
ceot.) 

Plasma 

vol. 

(c.c.) 

Red cell 
rol. 
(c.c.) 

Extra' 

cellular 

Proteins (g. per TOO c.c.) 


Weigh 


(milhons) 

fluid 

(c.c.) 

Total 


Globulin. 

(?-) 

Before 

2 hrs. 

100-2 

6-52 

40-92 


68-95 

527-6 

6-594 


1-557 

15-0 

2288 

99-5 

6-47 

39-72 

. 








after 










4 hrs. 
after 

94-5 

6-00 

37-97 

99-72 

61-40 

... 


5-218 

1-391 

17'5 

... 

24 hrs. 
after 

88-0 

5-42 

33-30 



534-6 


5-359 

1-344 

22-5 


48 hrs, 

after 

78-7 

4-87 

30-4 

107-95 

47-55 

529-4 

6-704 

5-407 



2263 


the fore limbs but more often in the hind limbs. By 48 hours the 
animals lay stretched out in the cage, completely flaccid. The 
extremities and ears were cold, the abdomen distended and the veins 
collapsed, so that bleeding became very diffierdt. In two of the 
rahhits hlood had to he collected by cardiac puncture. Coma soon 
supervened and deepened till they died in 60-72 hours. From 24 hours 
they had been completely off food. In spite of starvation and severe 
flhiess the loss of weight was not marked, averaging about 70 c in 
48 hours. 
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The controls remained quite well. They, too, lost weight — about 
25 g., probably duo to the repeated bleeding and the operative 
procedures to which thoj’^ had been subjeefed. 

The findings in all the animals were similar. Tables I and II 
show the means of six experiments in which toxin was injected 
intravenously and of a control group of four experiments whore heated 
toxin was given. 


A B 



Fio. 1. — Effect of intravenous injection of dysentery toxin on blood volume and 
oxtra-cellular fluid. A. Toxic group (received 0'23 unit of toxin each). B. Control 
group (received 0-25 unit of toxin heated at 75° C. for 15 minutes). 


1. The hsemoglobin percentages, red cell counts and hasmatocrit 
readings (fig. 1) ran more or less parallel and began to show increases 
as early as 2 hours after the injection of toxin, reaching a maximum 
in 4-6 hours. This level was maintained for 24 hours, after which a 
slow decline set in. At first sight the increase appears small and 
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Wgmficant, but whan a smaU 

bled at short intervals it loses an aM^cabfe iaiy 

The plasma is rapidly replaced but the ^ “ progrelive 

regenerated. This is clearly shown in the controls, P gr 



fall in aU the readings indicating uncomplicated hemorrhage In 
these experiments each rabbit was bled about 25 c.c. m 24 houm 
It therefore lost 10-12 c.c. of red cells or 15-20 per cent, of its total 
red-cell content. The corrected degree of haemoconcentration would 
thus be 15-20 per cent, higher than the findings shown. 

2. A decrease in plasma volume was noticeable in 4 hours in 
animals receiving toxin. In 24 hours it was marked (fig. 1). On an 

2e2 


J. TATn, BICT. — TOL. LX 



n. D. SENEVinATNE 


Cl 4 

average about 13 c.c. of fluid were lost, or one-scvontli of the total 
circulating plasma. A further smaller fall occurred in the next 
24 hours. In the control group there vas no reduction in plasma 
volume, any fluid lost in bleeding being rapidly replaced. Indeed 
a slight increase was found in most animals, probably a reaction to 
liajmorrhage. 

3. The total volume of circulating red cells was progressively 
reduced in both toxic and control groups by the bleeding to which 
the animals were subjected. 

4. The volume of extra -cellular fluid, which is made up of plasma 
and interstitial fluid, remained unchanged in the controls but was 
increased in the toxic animals. Fig. 2 shows the relation of extra- 
cellular fluid and blood in toxic animals and controls. In view of the 
fact that the volume of plasma was reduced, the increase in extra- 
cellular fluid mxist have been due entirely to an increase in the 
interstitial fluid. 

5. The percentage of proteins in the plasma showed no appreciable 
change after injection of toxin. Yannct and Darrow obtained n 
similar result with diphtheria toxin and, ns the percentage remained 
unchanged while the volume of plasma was reduced, they inferred 
that the total quantity of circulating proteins must have been reduced. 
Hamng estimated the plasma volume in my e.xpcriments it was 
possible to calculate the total circulating proteins, ns shown in 
table m. A progressive fall from C-348 to 4-S08 g. is seen, t.e. a 

Tabu: III 


Effect of intravenous injection of dysentery toxin on plasma proteins 




l^rforr 

InJccUou 

4 lir<. 
nacr 

24 hr^. 
nficr 

4S liTS. 

nflcr 

Toxic group 

0-25 unit of toxin intrn. 
vcnously (nvorngo of 

0 oxporimenta) 

Total protein (g.) 
Albumin (g.) 
Globulin (g.) 

0- 348 
5-288 

1- OGO 

5-522 

4-500 

0-950 

5-310 

4-290 

1-020 

4-808 

3-908 

0-840 

Control group 

Hooted toxin intra- 
venously (nvorago of 

4 exporimonts) 

Total protein 
Albiunin 

Globulin 

0- 537 
4-9D0 

1- 547 

0- 590 
6-204 

1- 380 

0- 940 
5-583 

1- 357 

7-240 

5-820 

1-414 


reduction of about 20 per cent. This fall suggests that a fluid rich 
in proteins was passing out of the blood vessels. It ^vill be noticed 
that the fall in proteins is confined almost entirely to the smaller 
albumin molecule. 

6. In 4 hours a definite increase was found in the non-protein 
nitrogen. It continued to rise for 24-48 hours, when figiu-es of 160- 
200 mg. per 100 c.c. were reached. Thereafter it declined, and, in 
the only rabbit that survived, returned to normal in 5 days. The study 
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of this nitrogen retention is outside the scope of the present investiga- 
tion, but the absence of histological changes in the kidneys and the 
rapid recovery suggest the operation of extra-renal factors such as 
low filtration pressure and tissue destruction. 

7. When Evans blue was injected 48 hours after the toxin the 
concentration of the dye in the blood was higher owing to the reduction 
in plasma volume, but the rate of disappearance was the same as 
before the toxin (fig. 3). Either the capUlaries had recovered from 



Time in minutt» 

Flo. 3. — ^Disappearance curves of Evans blue before and 48 hours after injection of 

dysentery toxin. 


the effects of the toxin and ceased to leak or dye and fluid were 
leaving the capillaries in the same proportions as they existed in 
the blood. To clarify this point the dye was injected 16 hours after 
the toxia, when the effect on the capfllaries was expected to be at 
its maximum. The result was the same (fig. 4). The dye concentra- 
tion was higher but the rate of disappearance ran parallel to that 
obtained before injection of toxin. It is reasonable to conclude from 
this that fluid with a protein content similar to plasma was leavino- 
the blood. ° 


8. Antitoxin injected half an hour after toxin protected rabbits 
d prevented the blood changes. Partial protection was afforded 
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■when the interval ■was 1 hour, but after 2 hours antitoxin had no 
effect, the animals dying in the usual time with all the blood changes 
seen in the untreated ohcs. 



Tim* In mlnutci 

Fjc. 4. — Disnppcnrnnco curves of Evnns blue before luul 10 hours nftor injection of 

dysentery toxin. 


Macroscopic appearances after sJiiga toxin 

The sldn, subcutaneous tissues, muscles of the abdomen, thorax 
and hmbs appeared normal and free from oedema. The retroperitoneal 
tissues showed definite but not excessive oedema. In one case a 
small amount of clear straw-coloured ascitic fluid was found. 

The heart contained dark fluid blood. The lungs were congested 
but not oedematous. There was no fluid in the pleural cavities. The 
liver, spleen and kidneys were engorged, the adrenals and stomach 
normal. The distal part of the ileum was tliick and oedematous, 
the ctecum swollen and heavy, duo to gross oedema which extended 
to the proximal oolon. Tlie wall of the crecum was very thick, con- 
trasting strikingly "with its thin transparent structure in the noiaual 
rabbit. Its mucous membrane was oedematous and congested, and 
dotted with numerous petechise which ran together in the proximal 
part, producing large areas of haemorrhage. The distal ileum and 
proximal colon showed similar but much milder changes. In animals 
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which survived for 72 hours superficial erosion of the mucosa had 
developed, producing the beginnings of the famihar d 3 ^senteric 
ulceration. Tables and V show the weight of the csecum in toxic 

Table IV 


Weight of organs (g.) in rabbits 48-51 hours after intravenous injection 
of 0-25 unit of dysentery toxin 


Rabbit 

Total weight 

Cfccum 

Liver 

Kidney 

Lting3 

Heart 

18 . . 


93*5 

101 

20-5 

13 

8-5 

19 . . . 

2025 

57 

65 

19 

11 

7 '5 

20 . . 

2125 

72 

97 

20 

12 

9 

27 . . 


69 

90 

23 

13 

10 

28 . 


74 

102 

22 

9 

9 

31 . 


69 

120 

29 

19 

13 

35 . . . 


57 

110 

24 

16 

12 

-■Average 

2300 

70'5 

99-3 

22-5 

13*3 

9-9 

Weight per kg. 

1000 

30-6 

42-1 

9-8 

5*7 

4-3 

of rabbit 








Table V 


Weight of organs (g.) in control rabbits 48-54 hours after intravenous 
injection of 0-25 unit of toxin heated at 75° C. for 15 minutes 


Eahbit 

Total weight 

Csecnin 

liver 

Kidney 

Longs 

Heart 

1 . 


51 


18-9 


10 

2 . 

Hil 

47 

94 

19 


9 

23 . 


59-3 

113 

22 


12 

29 . 

n 

49 

104 

21 


11 

Average . 

2532 

51*6 

104 

20-2 

13-1 


IVeight per kg. 
of rabbit 


20-37 

41*6 


0-2 

4-1 


animals and controls, with the weight of some of the other organs 
for comparison. The average weight of the caecum was 51 *6 g. iu 
the controls and 70-5 g. in the toxic group, or 20*37 and 30*6 g. 
per kg. of rabbit respectively, which means an increase in weight of 
50 per cent. None of the other organs showed any appreciable 
difference in the two groups. 

When Evans blue was injected before killing the animnlg the 
difference in the two groups was striking. In the toxic group there 
was diffuse blue staining of the wall of the crncum and adjacent ileum 
and colon. There was also faint staining of the serous coat of the 
other abdominal organs. The control group showed only a blue 
tinge in the peritoneal coat of the abdominal viscera. Since the 
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clifTiision of Evans blue may be taken ns an index of permeability 
of the capillaries to proteins, the conclusion is that fluid containing 
protein had leaked out of the capillaries and accumulated in the 
stained areas. 

Microscojnc appearances 

The ccccinn shows extensive oedema of all its coats (figs. 5 - 7 ), 
the submucosa being particidarl}' nfTcctcd. Blood vessels and 
l3Tnphatics are dilated and scattered luTmorrhagcs are present in 
the mucous and submucous ln3'crs. In the earlier stages there is 
complete absence of inflammntor3’ cells, but in animals suiriving 
for 72 hours superficial erosion of the mucosa with some cellular 
reaction, possibl3' due to sccondnr3' infection, is seen. The loiccr 
ileum and 2)roximal colon show similar but much less severe lesions. 
The liver is congested and shows cloudy swelling or carl3’' fatt3* change. 
The spleen is engorged. The hidneys show cloud3' swelling and 
congestion. The lungs are congested, with thick alveolar septa 
containing tortuous dilated capillaries. 

Discussion' 

A reduction in blood volume is a constant result of the intravenous 
injection of d3'scntcr3' (shiga) toxin in rabbits, the indirect evidence 
of hajmoconcontration being supported b3’’ direct measurement of 
blood volume. The occurrence of hmraoconcentration indicates an 
actual loss of fluid from the blood. In the absence of diarrhoea or 
other external loss, the fluid which leaves the blood must collect 
elsewhere in the bod3*, and e.xperience suggests that in d3'sentciy the 
wall of the large intestine is the main depot where this occurs. Of 
the many factors loiown to cause movements of body fluids, c.g. 
organic and inorganic poisons, bacterial toxins and bums, the majorit3' 
act by altering capillary permeabilit3'. Shiga toxin appeal's to be 
no exception, and the increased permeabilit3' of the capillaries is 
responsible for the diffusion outwards of protein-rich fluid resembling 
plasma. 

The path taken by the fluid leaving the capillaries and its ultimate 
fate are shown by disturbances in the distribution of extra-cellular 
fluid. Normally about 20 per cent, of the total body fluid is extra- 
cellular, 5 per cent, being plasma and 16 per cent, interstitial fluid. 
The increase of interstitial fluid in the toxic animals indicates where 
fluid leaving the blood might be accommodated. No doubt other 
sources may contribute to this increase, such as water liberated by 
tissue breakdown, and certainly the rise in non-protein nitrogen in 
the absence of structural Iddney damage supports such a view. But 
the plasma diffusing from the capillaries must pla3’^ an important 
part in the increase, for it also remains witliin the body. The passage 
of Evans blue from the blood along vath fluid and proteins into the 
cedematous areas allows of the identification of such regions. Although 



a. 0 . — (Edema of ciecal wall 48 hours 
after injection of dysenterj' toxin. Hrema- 
toxylin and eosm. X 50. 


Pjc 0 (Edema of mucosa and submucosa 

of caecum of rabbit, with htemorrhage 
into mucosa, 60 hours after mjection of 
dysentery toxin. Htematoxylin and eosm. 
XoO. 
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the oedema is most obvious in the caecum, it nevertheless constitutes 
only a small part of the total increase of interstitial fluid. The caecum 
increased in weight b}’’ about 19 g., a small fraction of the 140 c.c. 
iacrease shown by the interstitial fluid. Clearly one must conclude 
that in addition to the obvious oedema of the caecum and adjacent 
parts of the intestine, there is widespread latent or occult oedema. 

One of the most interesting findings is tho localisation of the 
cedema very largely to the ciecum and neighbouring intestine. The 
50 per cent, increase in weight of the caecum is due entirely to oedema. 
Localised oedema is by no means tmcommon in pathological processes. 
Cameron, Courtice and Short (1947-48) found pulmonary cedema in 
Lewisite poisoning, not only when Lewisite was given by inhalation 
but also on intravenous injection. OEdema develops around the 
duodenum and pancreas when whooping-cough toxin is injected 
intravenously (Evans and lilaitland, 1937). Many other examples 
might be cited. The cedema in dysenteric toxaemia cannot be due to 
a structmal peculiarity of the rabbit’s caecum or of its capillaries, 
for in such an event every substance causing increased capillary 
permeability should produce oedema of this region. Dysentery toxin 
appears to have a selective action on the cmcum of the rabbit. Penner 
and Bemheim (1942) demonstrated that shiga toxin has no direct 
action on the mucosa when brought into contact with it. The intestinal 
lesions appear to result from vascular damage, a conclusion reached 
by Beitzke (1917), Hart (1918), Lorentzen (1923-23), Pick (1926) and 
Letterer (1944). Doerr (1907) and Felsen (J936) suggested that 
dysentery toxin is excreted and perhaps absorbed and re-excreted 
in the csoum. 

A regular chain of events thus appears to foUow the injection of 
shiga toxin into rabbits. The capillaries of the large gut, which are 
selectively injured by shiga toxm, become permeable to proteins, 
which therefore diffuse out with the fluid. Loss of plasma proteins 
results in a lowering of the colloid osmotic tension and consequent 
diminution in the ability to retain water within the circulating blood. 
As a, result fluid passes from the blood into the tissue spaces, where 
it collects as oedema, most often occult. 

Peken presented evidence to show that “ extra-enteric manifesta- 
tions ” in human dysentery may outweigh the intestinal lesions and 
dominate the cfinical picture. A shock-like state is not infrequently 
encountered in this disease. It appears likely that the findings in 
my experimental animals may have their counterpart in the pathology 
of human bacillary dysentery. 


SXJIDIAIIY 

Intravenous injection of dysenteiy (shiga) toxin in the rabbit 
leads to a reduction in plasma volume and a fall in plasma proteins, 
suggesting an increase in capillary permeability. At the same time 
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there is an increase in interstitial fluid, due partly’’ to oedema of the 
csecum, where the shiga toxin appears to localise. These efiects of 
vascular damage can be prevented by early administration of antitoxin. 

I wish to thnnk Prof. G. R. Cnmcron, F.Il.S., who suggested this investiga- 
tion, for iiis continued interest and help, Dr F. C. Courtico, wlio taught mo the 
technique of blood-volume estimation, nnd Drs K. K. Clieng and J. D. Judah 
and jMr F. J. Crow for help nt various limes during the work. Expenses were 
mot bj' n grant from the Graham Ilosonrch Fund, University of London, 
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ACUTE PARIETAL ENDOCARDITIS IN A CASE OE 
STATUS ASTHjNIATICUS : A POSSIBLE EARLY 
STAGE OE LOEELER’S ENDOCARDITIS PARI- 
ETALIS EIBROPLASTICA WITH EOSINOPHILIA 

Berkakd Leknox 

Dcpartmoit of Pathology, Postgraduate Medical School of London 


(Plates Cm-CVI) 


Loffleb, of Zuricli is ■well kno'wn in this country for his description 
(1932, 1936&) of transient lung infiltrations "with eosinophilia. He ha‘s")j 
however, also described (1936a) a syndrome of parietal endocarditis 
■ TOth eosinophilia which, beyond a brief mention by Harka-vy (1941), 
has not hitherto been described in any but the S'wiss and Germa:^ 
literature. The condition appears to be rare, but the fact that five 
of the sis cases so far reported came from northern S'witzerland 
suggests that cases may go unrecognised elsewhere. 

The case here presented is believed to be the earliest examplel 
of the condition so far recorded, and its oceurrence in the presence 
ot status asthmaticus adds further evidence for the allergic origin 
of Loffler’s endocarditis. 


Revobted cases 

Because of the unfamiliarity of the condition the features of the cases so 
ar reported have been summarised in the table (pp. 622 and 623). It •will he 
cases form a homogeneous group and that the sixth 
case, 1941 -42) appears to represent an earlier stage of the same process. 
The characteristic clinical features of the disease are congestive heart failure 
and eosinophilia. The heart failure is progressive, and is -usually associated 
h Mcites, oedema and enlarged liver. The heart is often not enlarged and 
• ® on physical and electrocardiographic examination are quite 

Ms^cient to account for the failure. LofiSer has pointed out the resemblance 
tn^ respect of the clinical picture to that of Pick’s disease. AH the cases 
of'"® ’"■hat is generaUy called right-heart failure, though in some 

e Jett ventricle was more affected than the right. 

is sometimes very high (35,900 per c.mm. in Buchler’s 
nearly constant, but it was absent in the earUest stage of Mumme’s 
thnf fn ™ of Loffler’s case I. Ldffler believed 

of eosinophilia in his case indicated cessation of activitv 
that his patient died of the purely mechanical sequels of a healed disease’ 
PvtJ’ • P°®t-mortem findings are those of massive endocardial fibroris and 
'rlrs;'- of on, or both v»tri,l„= the vnlve, „ 

all mvolved. Tlie scar tissue and thrombus together obstruct ventricular 

TATH. BACT. — TOL. IX C21 
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'J’Ani ,!: — Jlrportcd casc» of parietal 


Author 

SeX 

nndnRo 

Total 

duration 

l’rc«ent|n(! sj-tnidoins 

Mfiln clinfcnl fenturf^ 

Blood fladlnRs 

LOnior (1030a) 
Case I 

F. 45 

1 yonr 

Anoruxia ; pro- 
corrlinl pniii ; 
loss of Weight 

Frogressivo con- 
gestive heart 
failiiro without 
enlargement of 
heart ; oedema, 
ascites, etc. ; 
lung infarcts 
and skin hiemor- 
rhages; nfebrilo 

Eosinophils 5400/ 
c.mm. at first, 
rose to 12,000 
and finallv fell 
to 390 : E.S.R. 
21 mm./lir. : 
blood cultures 
negative 

Lonior (193Ca) 
Cnso II 

X)£>iw (1016)* 

M. 37 

21 montlia 

AVenknC'is nnd 
loss of weight 

Steadily advanc- 
ing conge-,tivo 
heart failure, 
with heart 
nonnnl to phy- 
sical examina- 
tion 

Constant eosino- 
philia, maxi- 
mum 8330/ 
c.mm. 

Mumino 

(1010) 

M. 25 

24 yenm 

Transient x-pso- 
motor nntl 
'* neurological ” 
nttnclts (dis- 

fiemiimted 
sclerosis sus- 
pected) 

Irregularly pro- 
greMivo con- 

gestive heart 
i'ailure ; heart 
enlarged; nisp- 
ing pj-stolic and 
diastolic mur- 
mur?: 15.P. ICO/ 
110 ! crops of 
ptirpuric spots ; 
afebrile 

Blood normal at 
first, eosino- 

philia nppcaretl 
lix-e months 

after onset and 
remained con- 
stant: maximum 
18,300/c.mm. ; 
E.S.R. normal ; 
blood cultures 
sterile 

Roulct (1944) 

M. 48 

10 montlis 

Dj-spnoeii on 
exertion 

Progressive con- 
gestive heart 
failure without 
enlargement of 
heart 

Eosinophilia con- 
stant, reaching 
12,200/c.mm. 

Eggor (1014) 

F. 49 

? 1 month 

Dyspnoea on 
exertion 

Rapidly pro- 
gressivo con- 
gestive heart 
failure; terminal 
femoral throm- 
bosis 

Eosinophils 

1170/c.mm. 

Bliclilor 

(1941-42) 

1 

M. 44 

? 2 weeks 

Urtictirift ; tor- 
ininnl heart 
fniluro 

Congestive heart 
fniluro develop- 
ing rapidlj' in 
last week or 
two of life 

Constant high 
eosinophilia 
reaching 
33,900/c.mm. 


• Doua liad published this case in 1010, but, because Strep, viridatis was cultured from 
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(.ndomrlilis voxih cosinophilta (Ldjfler) 


Other significant 
dUcascs present 

Post-mortem fimllnp 

Bight ventricle 

Left 1-cntrlcIe 

Best of heart 

Other organs 


Massive fibrosis 
of -wholo endo- 
cardium, ivith 
organising 
thrombus on 
the surface 

Massive fibrosis 
of endocardium 
of antero- 
inferior half, 
with organising 
thrombi on 
surface 

Scarring of endo- 
cardium of right 
auricle; moder- 
ate fibrosis of 
mitral cusps 


... 

Massive fibrosis 
of endocardium, 
■with oblitera- 
tion of most of 
cavity 

Partially organ- 
ised mural 

thrombi filling 
distal half of 
cavity 

... 

... 


Massive fibrosis 
of endocardium 
of distal half, 
■with organising 
thrombus on 
surface 

Similar to right 

Thickening of 
mitral and tri- 
cuspid cusps, 
which bore 
Warty vegeta- 
tions 

Organising 
thrombus on 
intima of whole 
aorta ; “ end- 

arteritis ” of 
small arteries 
in most viscera 
including lungs 
and brain, (see 
Discussion, p. 
627) 


Organising 
thrombus of 
■whole endo- 
cardium, nearly 
filling lumen ; 
histological 
e-vidence of 

activity, -with 
infiltrations 
including 
eosinophils 

Normal 

Under surface 
of tricuspid 
cusps involved 
by endocardial 
lesion 

“ Eosinophil 
granulomata ” 
in walls of 
splenic arteri- 
oles and veins, 
and -what is 
called a focal 
embolic neph- 
ritis of Lohlein 

Rheumatoid 
arthritis for ten 
years and recur- 
tonsfllar 
abscesses 

Thin layer of 
organising 
thrombus on 
half of endo- 
cardium 

Laminated 
thrombus 2-5 
cm. thick near- 
ly filling cavity, 
and based on a 

5 mm.-thick 

fibrous endo- 
cardium 

Many myocardial 
scars 

Thrombosis of 
both femoral 
veins ; active 
tuberculosis of 
mediastinal 
lymph nodes 

Repeated 
attacks of 
nrticaria 
papulosa 
necroticans ” 

for si^ years, 
^th achlor- 
hydria, anaimia 
. episodes 
of perihepatitis 
and pleurisy ; 
enlarged spleen 
removed -with- 
out effect 

Normal 

Recent thrombus 
without organ- 
isation over 

whole endo- 

cardium; dense 
subendocardial 
infiltration of 
polymorphs, 
eosinopWls, 
lymphocytes 
and plasma cells 

Many myocardial 
scars and foci 
of cellular in- 
filtration, in- 
cluding eosino- 
phils 

“ Eosinophil 
infiltration ” of 
lungs and liver; 
active tubercu- 
losis of peri- 
bronchial lymph 
nodes ; early 
cirrhosis of 
liver ; scar of 
a duodenal 
ulcer 
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contraction from -n-ithin in mucli tho Bomo way ns the thickened pericardium 
of Pick’s disease liindcrs it from without, and ndeqimtclj' explain the tj-pe of 
heart failure present. Histologically, tho findings linvo been in general simply 
those of old scar tissue and organising thrombus : in only two cases (Egger’s 
and Biichlor’s) wore there significant signs of activity in tho way of cellular 
infiltrations in tho endocardium. Signs of rheumatism have been uniformly 
absent. 


ErroRT OF the present case 

V. C., a spinster, was first admitted to Hammersmith Hospital in 1942 
at tho ago of 47, with anromin. She gave a history' of chorea at tho age of 20, 
a susjiectcd duodenal ulcer at 31, bicmopfysis at 33 and achlorhydric hj^io- 
chromic anaemia at 44. She had no history or family history of asthma, urticaria, 
hay fever, rheumatism or heart disease. Tlie recurrence of anrcmia (Hb. G'2 g., 
C.I. 0-C3, Icucopenia, no eosinophilia) which brought her to hospital was treated 
successfully with iron. While in hospital she had her first asthmatic 
attack, and was readmitted twice in tho autumn of tho same year in severe 
attacks precipitated by respiratory infection. Investigation of tho cardio- 
vascular and respiratorj' systems demonstrated no abnonnality between attaclis. 
Xo exogenous allergen was demonstrated, but Streptococcus vin'dans was found 
(as on many subsequent occasioas) in tho sputum. Eosinophilia was absent. 
Psychotherapy proved helpful and for tlio next threo-and-a-hnlf years, though 
having frequent attacks, she was not incapacitated. 

In October 1940 she was in hospital for three weelcs with status asthmaticus 
following a cold. In Juno 1947 she was readmitted in tho same condition and 
this time did not respond to treatment. On admission breathing was tjqjically 
asthmatic and there were loud rhonchi all over tho chest. Tho sputum was 
abundant and frothy and contained poljTnorphs with an occasional eosinophil. 
Tho heart was of normal size and its sounds, ns far ns they could bo heard, 
were normal. Tho jugxilar venous pressure varied greatly with respiration, 
reaching a maximum of 0 cm. above tho sternal angle. Cardiac catheterisation 
showed pressures (of water above tho sternal angle) of — 14 cm. in tho right 
atrium and -f 7 cm. in tho right ventricle. These are within normal limits : 
it was concluded, therefore, that tho raised jugular pressure was tho effect of 
abnormal intrathorncic pressures and not a sign of cardiac failure. Tlio arterial 
blood was 80 per cent, saturated with oxygen. Tlio E.C.G. on admission (fig. 1) 
showed only tho spiked P waves of cor pulmonale, which were constant in 
and out of attaolcs : but in a series taken in tho last week (fig. 2) a flattening 
of T in Vg, sparing Vj and Vj, was thought to indicate some lesion of tho left 
ventricular myocardium. 

The blood during this last attack showed a moderate but definite and 
sustained eosinophilia, ranging between 600 and 700 per c.mm. on four counts. 
This is tho more significant in \"iow of tho fact that numerous counts during 
previous attacks had never shown more than 87 eosinophils per c.mm. 

Treatment proved practically without effect. Tho drugs given during the 
last attack included adronalino, ophedrino, stramonium, theophylline and 
pethidine, but no sulphonamides or serum of any kind. She died on 27.0.47, 
four weelcs after admission. 


Post-mortem examinatioti 

This was carried out 19 hours after death. Apart from two large 
cavernous hsemangiomata in the liver, findings of interest were 
confined to the lungs and heart. 



J. IWTlt. 11 VCT.— Voi,. I,X 


Plati: CTII 


Act’Ti; I’AuinTAi. KKnocAuniTis 



Pio. 1.— E.C.G. on 3rd July 194S. Cor pulmonale (spiked P waves in leads II and 
HI) and vortical heart (unipolar leads) are the only significant changes. Note a 
well-developed positive T wave in V 5 . 



'■ E-C.C,. on 2Gth .July 194S, three days before death. Xo general change, 

hut the T waves are now verj- much flattened in Vj though not affected in V 
and \ , : tliis was Ixilioved to indicate left ventricular myocardial damage. 



Frn. 3. — A small bronchus plucccd with mucus. On the left, between the cartilage 
and the pulmonarj" artery, there are hj"perplastic mucous glands. Hremalum and 
eosin. x ' 25 . 



I'lo. 4. — A cry 7 )t ix-tuern column.T f-amcT of the h-ft ventricle, ‘how me myoe.ardial 
oslema. a normal eoronarj- arteriole and the endoe.irdial le-ion. The left liand 
W'all of the er%-pl -hows at its upjx-r end the eiirhc-'l ‘t.a"e of the proee---. 
Hamahim and eosm. X IK). 
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Fic. 5. — Endocardium of left \ cntricle, show ing a more advanced stasie of the lesion. 
At this point some spread of inflammatorj" cells into the subjacent mjocardium 
has occurred. Ha?malum and eosm. x 270. 
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Fio. 0. — Endocardium of left \entnele, showing swollen endothelial cell-., manv 
mononiiclenr cells wnth pjknotic nuclei and -ome poh-morph- and K-mphocvte~, 
H.'cmalum and eo=in. x ."iSO 
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Fig, 7. — Pericardium over loft ventricle, phoning loo«e infiltration of cells similar to 
those in the endocardium, but with more Umriphocytes, near a small vessel. This 
is the largest lesion seen. Ha'malum and cosin. x 270. 



Pig. S. — Endocardium of posterior wall of left atrium, showing a thin layer of .surface 
fibrin (dark) without cellular reaction. Picro-ilallorj*. x 130 . 
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TJio lungs ivoro of average size and not inacroscopicallj'^ emphy- 
sematous, though microscopicallj' there was eonsiderable evidence 
of brcakdouTi of alveolar walls. 

The heart weighed 340 g. and was externally normal except for 
excessive sub-epicardial fat. There were a few asphyxial petechia? 
on the parietal pericardium . The right side of the heart was moderately 
dilated. The right ventricular wall was 4 mm. thick and infiltrated 
with adipose tissue to an exceptional degree. The left ventricle was 
not dilated, its wall was 1‘2 cm. thick, the myocardium soft and pale, 
the endocardium macroscopically normal. The mitral valve showed 
some pin-points of calcification in the contact line and minimal 
thickening of a few chordae : the other valves and the coronary arteries 
were normal.' 


Histology 

Lungs. At least three-quarters of the smaller bronchi (fig. 3) are^ 
obstructed by thick mucous plugs which manifestly had been the 
main cause of her respiratorj' distress and her death from asphyxia. 
Other changes often seen in fatal asthma (Thomson, 1945) such as^ 
eosinophilic infiltration of the submucosa and of the mucous plug 
and thickened hyaline basement membranes are present, but there 
are no Curschmann’s spirals or Charcot-Leyden crystals. The mucous 
glands of the bronchioles are markedly hyperplastic. The bronchia] 
muscle is normal in amount. There is no pneumonia and no vascular 
or granulomatous lesions. 

Heart. The wall of the left ventricle shows lesions more striking 
than was to be expected from the naked-eye findings. The endocardium 
IS chiefly involved ; the change is widespread but besi seen in the 
depths of the crypts between the columnse eameae, especially in the 
region of the anterior papillary muscle. The earliest recognisable lesion'^ 
is swelling and irregularity of the endothelial cells of the endocardium 
(fig. 4). Their nuclei seem to have become rapidly pyknotic and 
have begun to break up. In more advanced lesions (figs. 5 and 6) 
large numbers of similar cells have collected in the fine of and^ 
immediately beneath the endocardium. As to whether these are ' 
endothelial cells proliferated locally or histiocytes which have wandered 
in, no certain answer is possible, but no mitoses are seen. In aU 
but the earliest lesions polymorphs are present in moderate numbers. 
There are also a few lymphocytes and very occasionally an eosinophil^ 
or plasma cell. A few rather prominent cells of uncertain nature 
are also present, with a single roimd eccentric nucleus and deeply 
eosinophilic, almost hyaline cytoplasm ; they are not necrotic muscle 
fibres, as they can also be seen in the pericardium. No Anitschkow 
myocytes are seen. There is a little fibrin on the surface of some 
lesions, hut no extensive thrombosis. The myocardium is cedematous \ 
and Its fibres, though not fatty, stain vezy irregularly, but apart from 
an occasional minimal invasion by the endocardial infiltration it 

Path. bact. — tol. 1.3: « 
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SUSBUKY 

1. In a ■woman of 53 dying of status nsthmaticus, the endocardium 
of the left ventricle showed extensive cellular infiltration. There was 
an accompanying blood eosinophilia of 500-700 cells per c.mm. 

2. Tins is believed to represent the earliest stage of the endocarditis 
parietalis fibroplastica with eosinophilia of Loffler. 

3. The six previouslj’ published cases of this s 3 Tidrome are 
summarised. 

Dr J. G. Sendding ^vas in clinrgo of tlio case, and lio and Dr J. Crofton first 
acquainted mo iritli Lofilor’s work. Dr Paul Wood interproted tho electro- 
cardiographs, and Dr E. P. Sharpoy-Schafor llio cardiac catheter studies. 
Professor ,T. H. Diblo, Dr C. V. Harrison and Dr I. Doniach hn\’c assisted in 
tho preparation of this paper. Mr J. G. Griffin was responsible for tho sections 
and Jlr E. V. Willmott for tho photomicrographs. To all these, and to Professor 
LOfller for his opinion on tho case, my thanks aro duo. 
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THE BONE MARRO^V IN' GLAN'DULAR FEVER 

A. Colin P. Campbell 

From a lioyal Air Force General Hospital and the Department of 
PatholoQn, Edinbxtrgh University 

(Plate CVH) 

Descriptions of the remarkable blood picture in glandular fever abound 
ad nauseam and of recent years some Icnowlcdge of the tissue changes has begun 
to acciunulate, but there is a peculiar absence of agreement on the question of 
whether, and how, the bone marrow is involved. Using sternal puncture, 
Morrison and Samwiok (1939), Israels (1941), Halcrow et al. (1943) and Stiefel 
(1943, quoted by Betbell et al., 1944) report an increase of lymphocytes in the 
marrow. Other workers, c.g. Vogel and Bassen (1939), Mendell et al. (1942) 
andLimarzi 6< al. (1945), have found merely a myeloid hyperplasia with inliibition 
of granulocytic maturation and no sign of a lymphoid reaction. Most of these 
studies have been made on smears, and in these circumstances reports of 
lymphoid cells in the marrow must be looked on with suspicion, since it appears 
to be widespread practice to make “ marrow ” smears, not of the solid marrow 
particles, but of the fluid aspirated, which consists largely of blood from the 
vessels of the marrow. This blood contamination could introduce into the 
smears many of the characteristic “ glandular fever cells.” A satisfactory 
answer to the question of marrow involvement can only be given by histological 
examination. 

Even histological examination, however, has resiilted in conflicting reports. 
Freeman (1936) foimd by sternal biopsy, in a single case, a remarkable degree 
of mfiltration of the marrow by mononuclears, many of them resembling the 
characteristic blood cells of this disease. Du Bois (1930), reporting what appears 
to have been the first autopsy in a case of glandular fever, noted the presence 
m the marrow of large mononuclear cells ; he gave, however, little or no detail. 
Recently Custer and Smith (1948) have reported no less than nine cases with 
autopsy ; they confirm the presence in some cases of myeloid hyperplasia, 
but have found no abnormal cells in the marrow apart from those of the 
circulating blood within the vessels. 

In view of this discordance in the literature it seemed worth while to report 
my findings in a series of cases in which the marrow was examined by both 
smears and sections. 


Material and methods 


Sternal puncture was carried out in a series of typical cases of sporadic 
glandular fever occurring in young adults, members, chiefly male, of the Royal 
^ Force. Smears and paraffin sections were made from the marrow flecks 
(Campbell, 1948). Adequate sections were obtained in 15 cases. They were 
stained either by Turnbull’s Jenner method (Turnbull, 1931) or bv Barrett’s 

method (Barrett, 1944). 
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To assist in tho correlation of marrow cytology witli that of tlio peripheral 
blood (tho comparison of tho abnormal IjTnphocytcs as seen in smears of tho 
blood with presumably identical cells in sections of tho marrow being by no 
moans easy), in each case paraffin sections wero prepared of white blood-cell 
concentrations. About 1 c.c. of venous blood was withdrawn, hoparinised 
with a trace of heparin powder and centrifuged in a narrow tube closed at tho 
bottom with a rubber cork. Tho supernatant plasma was pipetted off and 
fixative similar to that used for tho marrow gently pipetted on to tho surfaco 
of tho leucocyte layer. After about C hours tho cork was removed from tho 
bottom of tho tube, and tho red-cell la 3 ’cr washed awaj’ with water. Tho 
leucocjde layer could then bo pushed out as a solid disc and embedded and 
cut in paraffin. 

Only one marrow examination was made in each case, usuallj’ about tho 
peak but sometimes in tho earlj’ stages of tho decline of tho liunphoid reaction 
in tho blood. 


licsulls 

In 8 out of tho 15 cases the marrow showed obvious hj-perplasia ; in 2 cases 
cellular marrow had ousted almost all tho fat. Tho hj-perplasia was loucoblastic, 
normoblasts being relativolj’ reduced. Thoro was no obvious correlation 
between tho degree of hyperplasia and tho degree of agmnulocj'tosis or of 
“ shift to tho loft ’’ in tho peripheral blood. 

Apart from this hj'porplasia, which has been noted bj' most workers who 
have examined tho marrow, moro specific lesions wore seen in 12 of tho 15 cases. 
These consteted of focal proliferations of mononuclear cells (figs. 1 and 2). They 
varied in size, tho smallest rocogni.sablo foci being about 80 p in diameter and 
the largest about 500 g. Thoj’ were numerous in 4 cases onl,v ; in 8 others 
thej’’ wero sparse and had to bo looked for with caro. Tlio amount of morrow 
available in such sections is of course small ; possiblj' larger sections would 
have shown tho characteristic foci in all tho cases. 

Tlieso foci were composed chicflj’ of two cell tj'pes. (1) Fairlj’ largo colls, 
with large, oval or irregularlj' elongated, palo vesicular nuclei and one or two 
prominent nucleoli ; their cj’toplasm was abundant and faintly basophil ; 
their outline was ill-dofinod and irregular ; sometimes thej' appeared to be 
syncytial, but their outline was too faint for this to bo dcfinitclj’’ established. 
These cells had tho appearance of imdilTercntinted reticulum colls. In some 
of the foci where they wore numerous they' suggested tho endotholioid cells 
of the tubercle follicle, though their grouping was never ns compact or ns 
homogeneous. Occasionally they showed mitoses. No phngocyted material 
could be seen in them. (2) Smaller cells, of tho same size and much the same 
appearance as tho medium-sized lymphocytes of the germinal centres in normal 
lymph nodes. These cells had a more definite, usually' roimded outline, and 
a smaller nucleus, with a denser clwomatin network, round or moro commonly 
irregularly indented ; nucleoli could not bo identified with certainty'. Some 
of these cells appeared identical with tho medium-sized ly'mphocy'tes of normal 
lymphoid germinal centres ; others showing more cytoplasm and a slightly' 
darker-staining nucleus appeared identical with tho “ glandular fever cells ” 
as seen in the sections prepared from tho peripheral blood. Transitional forms . 
were also encoimtered. 

In addition to these two main types, occasional largo colls resembling the 
large lymphocytes of normal lymphoid follicles were seen, and some of the 
foci also contained small numbers of plasma cells, usually in groups of two or 
three. 

The constitution of the foci varied from case to case. In cases examined 
at the peak of the lymphoid reaction in the peripheral blood, reticulum-cell 
proliferation predominated ; in cases examined during decline, the second 



J. I’ATII. nVCT.— V.1I I.X 


I’l, \Ti; CVIT 


Hom; m\iiI!(i\v in »:l.\M)i'i.\it n:vi;i! 

— -T iJJ 


• y ' 

A. ^ * . K 



Fig. 1, — Glandular fever. Section of stomal marrow, showing a eharaeteristic foeus 
of h-mplioid hj^perplasia top right of centre. Barrett’s stain, x 250. 



Fig. 2.— Higii.power view of the same focus, shomng the characteristic admixture 
of reticulum cells, some of uhich are of endothehoul t,vpe, and Ij-mphoct-tes of 
various stages of maturity. Barrett’s stain. XSOO. 
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cell type — Ijmphoid cells, including both immnturo forms and the more mature 
abnormal IjTiiphocytcs as seen in tho blood — tended to bo more prominent. 

These foci never showed tho sharply defined outline characteristic of normal 
Ijmphoid germinal centres. They were also quite distinct from tho collections 
of small lymphocytes which ono occasionally sees in tho marrow in a variety 
of pathological states, and since such lymphocytic foci are numerically sparser 
in the average bone marrow than are the characteristic foci in the typical 
glandnlar-fever marrow, it appears probable that tho latter are produced 
dc novo by Ij-mphoid metaplasia of the marrow reticulum cells rather than by 
activation of pre-existing Ijunphoid foci. 


Discussion 


Tliese foci of Ij-raphoid reaction in the marrow are obviously similar to 
the hyperplastic lymphoid tissue which occurs throughout the body in glandular 
fever. The pathologj* of the lymph nodes in tliis disease has been frequently 
described, notably by Downey and Stasney (1935-36) and Gall and Stout (1940). 
In both of these papers, the hyperplasia both of undifferentiated reticulum or 
“ stem ” cells and of lymphoid cells, mature and immature, is emphasised. 
Gall and Stout describe proliferation of clasmatocytes as well as of stem cells, 
sometimes forming foci resembling groups of endothelioid cells — an appearance 
I have noted in the marrow foci. Downey and Stasney regard the formation 
of lymphocjdes in glandular fever os essentially similar to that in normal 
lymphoid tissue — from reticulum cells through progressively maturing stages 
of lymphocyte, the intensity of the stimtxlus producing however an unusual 
degree of reticulum-cell proliferation. They contrast this with the lymphoid 
hyperplasia of acute lymphatic leuktemia, where the striking feature is prolifera- 
tion of lymphoblasts. Lymphoblasts of the leukaemic type are not a feature 
of the glandular fever reaction. Sloeschlin (1940) and Tisohendorf (1944) came 
to essentially similar conclusions. 

Lymphoid hyperplasia, infiltration or metaplasia has been described in 
various other organs in glandular fever. It has been noted in spleens siugically 
removed because of spontaneous rupture (King, 1941 ; Smith and Custer, 
1946 ; Timmes et al., 1948 ; and others). It has also been described, in fatal 
cases, in liver, spleen, lymph nodes and bone marrow (Du Bois) ; in liver, 
kidneys and spleen (Ziegler, 1944) ; and in liver, kidneys, heart, lungs, adrenals, 
pancreas, stomach, intestine, prostate, testes, hypophj'sis, meninges, brain, 
spinal cord and peripheral nerves (Custer and Smith). 

I have not seen a similar picture in the marrow in any other condition. The 
marrow infiltrations in lymphatic leuksemia show a more uniform lymphoblastic 
or lymphocytic infiltration without the striking degree of admixture with 
reticulum cells and cells of endothelioid appearance. Whether such foci occur 
m other diseases characterised by a lymphoid reaction, such as rubella and 
infective hepatitis, I cannot say ; I have not seen them in the very few marrows 
from these diseases which I have examined. 


These foci are difficult if not impossible to demonstrate by the smear 
technique. I could not identify the participating cells in any of the smears in 
my (^es, probably for two reasons ; first because the foci are usually sparsely 
distributed in the marrow and may not be present in the particles chosen for 
smearing, and second because the cells making up the foci, including as they 
do many fixed reticulum cells, will tend to be disrupted and destroyed in the 
act of ma^g the smears. Certainly there is no likelihood of demonstrating ’ 
the typical changes in the marrow by smears of the fluid blood aspirated These 
lesions ^phasise the desirability of examining sternal puncture bone marrow 
in paraffin sections as Tirell as in smears. 

SmWi Of Custer and 

Smith that the bone marrow m mne fatal cases showed no lymphoid reaction 
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Possibly their material, collect-ed from various sources and perhaps under 
difficult militarj' circumstances, may have sufTorcd from post-mortem change 
and less than optimal fixation. In most of my cases the characteristic foci 
wore small and sparse and might well have escaped notice under such conditions. 


Summary 

Bono marrow obtained b}’ sternal puncture was examined histologically 
in fifteen cases of glandular fever. 'I\volvo cases showed foci of atj^jical IjTnphoid 
hyperplasia such as have not been seen in the marrow in any other condition. 

I am indebted to the Dircctor-Gcncral of the Jledical Branch of the Royal 
Air Force for permission to publish this report and to Group-Captain C. A. 
Lindup, commanding officer of the hospital, and AVing-Commander E. H. 
Hudson, medical specialist, for access to the cases. 
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THE HISTOLOGICAL PREPARATIOX OF BOXE-MARROW PARTICLES, 
HTERIXE CURETTINGS AXD O’lTIER SMALL TISSUE FRAGJEENTS 


A. CoLix P. Casitbeli- 

From the Pathology Department, Edinburgh University 


^lany histologists Imve ovolved methods for taking small tissue fragments 
safely tlirough the steps of paraffin embedding. The method described below, 
however, seems to offer certain advantages : it is reasonablj* free from 
“ finickjTiess,” it inflicts a minimum of forceps trauma on the tissue and it 
facilitates orientation of the small fragments in the block. Xo doubt others 
have evolved and used a similar method, but if so I have not seen it described. 

The method is especially useful for the small bone-marrow particles obtained 
by sternal pimcture and I have used it also as routine for uterine curettings. 
It consists essentially of embedding the particles in agar after fixation, thus 
obtaining a single block which can be easily taken through all the subsequent 
steps. 


Procedure for sternal marrow fragments 

It is my custom to aspirate 2 or 3 c.c. of blood, which is discharged into 
a small test-tube containing a tiny knife point (about 1 sq. mm .) of heparin 
powder and gently mised. It is then transferred with a Pasteur pipette to a 
large Petri dish and out-spread as widely as possible. Tlie tiny marrow flecks 
can be easily seen if the blood is gently run to and fro by tilting the dish. 
Some flecks are first picked out with a Pasteur pipette for making smears ; 
a selection of the rest is then picked out and transferred to a small glass dish 
or bottle. The blood transferred with the flecks is as far as possible removed 
with the pipette and fixative is pipetted into the receptacle. I have foimd 
that a mixture of 4 parts of corrosive-formol (10 per cent, formalin in saturated 
aqueous merciu-ic chloride) and 1 part of methyl alcohol gives good fixation 
in 4-6 hours. Tlie fixative is then pipetted off and water added. After washing 
by gentle agitation for a few seconds the greater part of the water is pipetted 
off and the residual drop or two, carrying the tissue fragments, is transferred 
to a glass slide. The excess water is removed with the edge of a filter paper, 
the marrow fragments are pushed together into a compact group,’ and a glass 
ring of suitable size, with a flat-ground lower rim, is placed around them. A 
tube of 2 or 24 per cent, agar is melted down in a water -bath or by gently 
heating over a Bunsen flame and cooled under the tap to about 50° C. With 
a Pasteur pipette enough melted agar is run into the glass ring mould to form 
a layer 6 or 6 mm. deep above and surrounding the tissue fragments. It is 
helpfid to warm slightly the slide bearing the mould and the tissue before 
adding the agar, so that the latter will not set too quickly, before it has had 
time to penetrate between the fragments. When adding the agar, it should be 
gently nm in by holding the pipette point to the side of the glagg ring so as to 
disturb the fragments as little as possible. If, as occasionally happens, they 
rise with the surface meniscus, they can be pushed down to the slide with a 
needle before the agar sets. The slide is left on the bench for a few minutes 
to allow setting. It is then wetted, the glass ring is slid off it, and the agar 
block IS pushed out and trimmed. This block, holding the marrow fra-nnents 
can be handled with forceps (avoiding coarse pressure) and taken easily Hiroueh 


succeeding stages of washing (unnecessary with the fixative mentioned 
- re), dehydration, clearmg, paraffin saturation and embedding The avnr 
interferes with none of these procedures. Sections are cut in the ordinfrj^ 
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■way ; they tend to flatten out on warm water less easily than sections from 
blocks without agar and nia 5 ' need judicious poking with a needle. They stick 
to the slide quite satisfactorily. 


Procedure for uterine curettings and Bimilar fragments 

The procodiu-o hero is essentially tho same, but, ns one may bo dealing 
with a considerable number of larger fragments, I have found it more convenient 
to use ns a mould two angled slips of glass, instead of a glass ring. These can 
easily bo made bj' cutting from a 3 x 1 in. glass slide two slips each about 1£ in. 
long and 4 in. wide, bending them by heat to a right angle J in. from one end 
and grinding one edge and the two ends flat on a carborundum stone. These 
can bo used to make a mould of varying size, similar to tho brass embedding 
moulds of Louckhnrt, so long in use for pamflin embedding. 

For curettings and such fragments, apart from tho advantage of reducing 
the material to a single easily handled block, tho method has tho following 
additional virtues, (a) Bj’ blocking a series of curettings from different cases 
in blocks of different sizes and 8haj)es or marking tho blocks by cutting off one 
or more comers, bloclis representing several different curettings con bo taken 
tlirough tho various stages together without tho need for using individual 
reagent bottles, (b) It is much easier to orientate the fragments neatly and 
correctly when one is manipulating them at leisure on a dry slide, than it is 
when embedding them in hot parntTin •which is constantly tending to cool and 
cloud. 

I have used tho method also for tho convenient handling of numbers of 
blocks of different organs from small animals such ns mice. Ten or twelve 
different organs can bo taken through in perhaps two blocks. Tho various 
pieces of tissue should be set ns close together ns possible, ns tho more agar 
there is left between tho pieces, tho greater is tho difficulty in inducing tho 
sections to flatten out on warm water. I liavo not found that tho agar interferes 
in any way with staining ; it may stain verj' lightly with hffimntoxylin or other 
stains, but never enough to prove a nuisance. Tliis faint background staining 
only occurs around and not through the tissue, ns tho agar surrounds and holds 
together but does not impregnate tho fragments. 

A histologist who has access to a bacteriological store cupboard need not 
bother to make up his own agar solutions ; standard bacteriological nutrient 
agar works quite satisfactorily ; tho broth contained therein seems to have no 
adverse effect on tho tissue fragments. The glass moulds can bo home-made 
with a minimiun of skill in glass working. Tlio angle pieces have already been 
described. The rings may bo made of several diameters ; I have foimd it 
desirable to have a series ranging from about 6 mm. to 2 cm. in internal diameter, 
the smaller sizes being used for sternal puncture material. 
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Ebwart) ffolUott Cvceb 

Born 6th May 1893. Died 27th September 1947 
{Plate mU) 

Edwakd ttoluott Creed, the second son of the late Eev. C. J. 
Creed, died suddenly after a myocardial infarction on 27th September 
1947, at the earlj' age of 54. He had survived one previous attack 
some months before and, at the time of his death, "was recuperating on 
holiday. 

Creed vas bom in Leicester, where his father was vicar of All 
Saints’ Church. He went to the Wyggeston Grammar School whence 
he obtained a Jlillard Scholarship to Trinity College, Oxford, in 1910. 
Here he took honours in chemistry in the final school of natural 
sciences and was awarded a Burney Yeo scholarship to King’s College 
Hospital in 1913. He obtained the B.M. degree in 1916, M.R.C.P. 
in 1923, D.M. in 1927, and was elected F.II.C.P. in 1932. 

After qualifying, Creed entered the Army and served in Sierra 
Leone in the R.A.M.C. with the rank of captain. On his return to 
civil life in 1919, his early training in scientific work, as well as his 
personal tastes, led him to choose the laboratory as his career. He 
was appointed bacteriologist at his own hospital and, on the retirement 
of Dr d’Este Emery in 1921, became Director of the Department 
of Pathology at the remarkably early age of 28. To his colleagues, 
the appointment seemed so natural that he slipped into the post 
without serious outside competition and thereafter set a standard 
of sound systematic teaching in the medical school, which bore 
much fruit during the twenty-six years of his service. Among his 
pupUs can be cormted Terence East, Wilfred Sheldon, Harold 
Edwards, Charles Kewman, James Livingstone, R. A. McCance 
J. M. Cummings and J. V. Dacie. 

There can be little doubt that Creed’s name will survive in the 
memory of his own beloved hospital for many a long year for his 
finest work was done there with his jimior staff and the many genera- 
tions of his own students. His honesty in work was but a reflection 
of his own unswerving ideals, which were so direct and straight that 
he could scarcely comprehend dishonesty and deceit in ordinarv life 
or a biassed interpretation of an equivocal experiment in professional 
work. His bent and inspiration were the precise procedure the 
exact technique, the meticulous method and the faultless performance. 

J. Pitn. BACI.— TOL. IX 635 
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All of tliese he could impart to his juniors, his trainees and his students. 
Only those who have incorporated such discipline into their o^vn 
work can appreciate how fundamental is such training at the outset 
of a laboratorj”^ career. 

Likewise with teaching. Creed’s elementary lectures were given 
with a lucidity which comes only from conscientious and careful 
preparation ; they were models because of their simplicity, their 
emphasis upon basic principles and their logical appeal even to those 
poorly endowed with reasoning powers. One of his colleagues has 
written “ For j'oung workers in his laboratory it was a privilege to 
enjoy the time he would alwa3's gladlj’’ spend on demonstrating a 
section or explaining a technique. Nothing was too much trouble 
for Creed in these matters. I well remember the pains he took in 
revealing to me the complex mj'steries of the Wassermann reaction 
twenty-five j'ears ago.” 

Creed’s main interest was in clinical patliology. He was an 
accomplished bacteriologist and a reputable hrematologist. His earty 
training in chemistrj' gave him a sound appreciation of biochemistry, 
wliile a long experience in post-mortem work made him a most 
competent histologist and morbid anatomist. This all round knowledge 
coupled with the clinical acumen which enabled him to take the 
M.R.C.P., made him the ideal clinical pathologist and of a tjqjc wliich 
is rarety seen in a large London hospital where the amount of work 
usuaUj' calls for separate special departments. This aspect of Creed’s 
work, the natural linldng of the laboratorj’’ to the ward, could onty 
be appreciated in his oum hospital, for such things arc not vTitten 
in journals or the medical press for all to read. Yet most clinical 
pathologists would like to have said about them what one of the 
physicians of his hospital vTote of Creed : “ To the chnician, a chat 
with Creed about the pathological aspects of some puzzling case, 
was stimulating and instructive. His colleagues, who were all his 
friends, wiU find him hard to replace. Those informal^ chats in his 
room on a hundred and one subjects, alwaj-s seasoned bj”- Ins livety 
humour, -will be sadly missed.” Creed was an examiner in pathology 
in the Universities of Cambridge and London, as well as for the 
Conjoint Board. In this capacity, he was shrewd and searcliing, 
but scrupulously fair. He extracted Itnowledge •with the same gentle 
and Idndly air as he imparted it, so that no candidate could feel ill 
at ease or that he had not been given ever3’’ chance. His assessment 
was eminently just and most helpful to his co-examiner. 

Creed did not contribute greatly to medical literature, but his 
small output was of liigh quality. In matters of technique it was a 
revelation to go to liis laboratory and to find procedures in use which 
might well have been published for the benefit of others, but wliich 
Creed accepted as the normal routine of a well-disciplined laborator3% 
•FTis thesis for the degree of D.M. at Oxford was a most careful and 
critical appreciation of the many variables of the Wassermann 





OBITUARY 


037 


reaction. Had the thesis been published, it would have been universally 
accepted as a great contribution to the subject. As it was, very 
many pathologists knew of Creed's reh'ability in the performance of 
this sometimes baffling test, and he was frequently used as a court 
of appeal in doubtful cases. Diffidence in publication was dictated 
not by inertia but by an earnest m'sh that the article should be 
perfect, complete and beyond criticism — an ideal rarely attained in 
medical literature. There is no better example of this than his work 
on the fragility of the red corpuscles, which was known to the world 
under his name for some years before the article itself appeared in 
print (this Journal, 193S, xlvi, 331-340). Creed’s only other con- 
tributions to the literature were a short paper on the value of blood 
transfusions {Medical Press arid Circular, 193S, cxcvii, 462-465) and 
the articles on abortus fever and anthrax in the British Encyclopaedia 
of Medical Practice {London, 1936, vol. I, pp. 68-74 and 629-642). 
The principles which he enunciated concerning the importance of 
precise technique, the necessity for controlling or standardising all 
the potential variables and the clinical significance of minor deviations 
when technique was beyond question, made a valuable contribution 
to the diagnosis and natural history of congenital hsemolytic icterus. 
Before Creed made his careful studies on the significance of saline 
fragility, clinicians as weU as laboratory workers had always been 
baffled by the apparent inconsistencies of a simple diagnostic laboratory 
test. 

On the administrative side of laboratory work, his power of clear 
thinking was a great asset, but he was very rigid in his ideas and 
found it difficult to delegate work to others. Meither did he like 
administration, which he formd exhausting by reason of the amount 
of attention which his conscientious nature felt bound to devote, to 
preparation. Nevertheless, his shrewd commonsense, clear outlook 
and retentive memory made him an excellent chairman of committees, 
so that in hospital affairs his advice was always welcome and always 
the product of balanced consideration combined with a competent 
knowledge of the facts of a case. 

Terence East writes “ In the hospital circle we aH thought so 
weU of Mm because of his absolute honesty, Ms soundness of judgment, 
and on account of the lively interest he always took in any subject 
upon which one approached him. Nothing could be too much trouble 
to Mm and Ms high standard gave good results, for he never would 
allow himself to be content with anything but the hest. This rather 
meticulous ideal might perhaps have somewhat restricted Ms outlook 
and some might have thought Mm a little stiff and pernickety, but 
tMs was not so. One knew one could rely on getting the best from 
aim, and the range was wide, for he had an extensive and remarkably 
accurate supply of knowledge, both practical and literary, on many 
subjects. He was not at aU a dull or ‘ donnish ’ man ; he bad a keen 
and subtle sense of humour. His somewhat shy and retiring tempera- 
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ment, never pushing himself forward or attempting to advertise, 
made him less well-lcnown than his talents deserved.” 

Howard ^^niittle writes “ I was one of Creed’s first trainees and 
early acquaintance led to life-long friendship which deepened the 
more one got to know him, and one had to loiow him well to appreciate 
his worth. Creed seized the first opportunity after the 1939-45 war 
to drop private practice, not because he disliked it but because he 
felt it was his duty so that he might better serve liis hospital. HLs 
conscientiousness resulted in his being grossly overworked during 
the war, and, though he was not alone in this, there is little doubt 
that his early and untimelj' death was largcty duo to the severe and 
prolonged strain of E.1\I.S. sector work in more than one hospital 
during the enemj’ onslaughts on London. The profession has lost a 
distinguished colleague and his friends a shining example of all that 
a friend should bo.” 

During holidaj* periods Creed delighted in the countrj^ good hilly 
country, where he would walk and drink in the beauties of the land. 
He had more than a passing interest in architecture and a great 
appreciation of music, especially festival music. For general reading 
he preferred philosophical and historical works. He had a large circle 
of friends. Among those he was known and loved for many of the 
characteristics which in themselves made him less well-known to 
the world at largo than ho rightly deserved. His quietness, un- 
obtrusivencss, lack of “swank,” honesty, strong reaction to anjijhing 
false, kindliness, generosity and unfailing thought for others, were 
appreciated. His nife, Stella (7i<?c Parker) whom he married in 
1923, and his two daughters, all of whom have been so well known 
to Creed’s friends, iviU have the deepest sjTupathy of those who have 
been privileged to know them in their ovui home circle. 

Lionel E. H. Whitbv 


2)avi() Hrtbur Melsb 

Born 19th November 1865. Died 13th May 1948 
(Plate CIX) 

The death of David Arthur Welsh, Emeritus Professor of Pathology 
in the University of Sydney, occurred at Wahroonga, New South 
Wales, on 13th May 1948. He occupied the chair in Sydney from 
1902 to 1936, and his services were of high value in developing the 
medical school as well as in the teaching of pathology. In research 
he was a distinguished and enthusiastic worker, and it is especially 
noteworthy that his most important scientific contributions, starting 
over fifty years ago, were on such diverse subjects as the parathyroids. 
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the precipitin reaction and tumour growth. In all of these he main- 
tained a high standard of excellence. 

Welsh was bom at Montrose in 18C5 and received his school 
education at Arbroath High School, where he won many prizes and 
was dux of the school. In 1S83, equipped with a good general 
education, he entered upon the arts curriculum at Edinburgh 
University, and in tins he had a distinguished career, excelling 
especiaUj* in the mathematical subjects. He graduated M.A. with 
first-class honours in mathematics in 1887, gaining the Drummond 
Scholarship, which was the highest distinction in the subject at that 
time. In 1888 he started on his medical curricidum, taking also 
further courses in science concurrently for three years ; he graduated 
B.Sc. in the mathematical sciences in 1890, As a student of medicine 
Welsh had a course of maintained brilliance ; he won many distinctions, 
and obtained the degrees of M.B., C.M. with iirst-class honours in 
1893. The two 3 'ears after graduation were chieflj’^ occupied with 
clinical work. He was a resident phj'sician with Sir Thomas Fraser 
in the Edinburgh Royal Infirmary, and later with Sir Thomas Clouston 
in the Roj'al Edinburgh Hospital for Mental Disorders. This experience 
was imdoubtedly of great service to liim in widening his outlook and 
increasing his interest in the clinical aspects of disease. 

In 1895 he was appointed junior university assistant in pathology 
to Professor Greenfield, and a little later became pathologist to the 
Edinburgh Royal Hospital for Sick Children, and also one of the 
tutors in clinical medicine in the Royal Infirmary. At this period 
he carried out important research work on the parathyroid glands, 
and a thesis embodjdng his results gained for him in 1897 the degree 
of M.D. with first-class honours and the award of a gold medal. In 
the pathologj’- department of the University, Welsh had Muir as a 
colleague, and on the appointment of the latter to the chair of pathology 
in St Andrews in 1898, succeeded to the offices held by him, namely 
those of lecturer on pathological bacteriology in the University, and 
pathologist to the Royal Infirmary. Up to that time there had been 
two part-time pathologists, but in 1901 a new arrangement was made 
wherebj- there was a single full-time pathologist who had control 
of the department, with two assistant pathologists. Welsh was now 
appointed to the full-time post. The benefits of this arrangement 
were just becoming evident when he was elected to the newly created 
chair of pathology in Sydney, taking up his duties there in 1902. 

He had become M.R.C.P.E. in 1899 and was elected to the Fellowship 
in 1911. ^ 

Welsh’s leaving for Sydney was a matter of deep regret to his 
may coUeagues and friends in Edinburgh. His attainments as a 
patholog^t, both in research and in routine work, along with his 
neyr failing readiness to give his services, had made him a valuable 
yd prized member of the school, while his attractive personal qualities 
Pad won for him the liigh esteem of aU who knew him. Moreover 
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he had sho^vn teaching powers of an unusual order. Ho possessed 
indeed, in rare combination, tlio qualifications requisite for success 
as a professor of liis subject. 

When Anderson Stuart in physiology and J. T. Wilson in anatomy 
were joined by W^clsh, the Sydney Medical School had three out- 
standing men to shape its future. These three men, affectionately 
loiown to their students as “ Andy,” “ dummy ” and “ Taffy,” aU 
came from north of the Tweed ; they were very different types, but 
all contributed much to the development of the University of Sydney 
Medical School in the early years of this century. 

On arrival in Sydnej'- in 1902 Welsh found almost virgin soil so 
far as pathology was concerned, but he settled down to his task with 
enthusiasm, and in a short time his department established a reputation 
for excellent teaching and valuable research work. 

In addition to his University duties, Welsh acted as honorarj’- 
pathologist to the Royal Prince Alfred Hospital from 1902 to 1925, 
and thereafter as hqnorar}' consultant pathologist until 193G ; he 
was responsible for all the pathological work of the hospital during 
the early 3’^ears after his arrival in Sydney, and in later j-cars his wide 
experience was alwaj’s available to help in solving difficult problems. 
W’^hen the radium clinic for the treatment of cancer was opened at 
the Roj’^al Prince Alfred Hospital in 1928 Welsh, with the help of 
his son. Dr Arthur M. Welsh, and of Dr Julia Lconie Ampldett, and 
in collaboration udth successive radium registrars, made a studj’' of 
the radio-sensitivitj' and radio-resistance of the cancer cell. 

Professor Welsh attracted graduates of high calibre to join his 
staff, among them men and women who have done much to advance 
pathologj’’ in Australia — hr universities, in hospitals and in private 
practice. Great, however, though his influence was in the development 
of pathology, his influence on students who were to practise medicine 
in all its branches was stiU greater. Those who were privileged to 
studj’^ under him -will agree that his lectures were full of interest arid 
admirably presented. He laid great stress on practical classes, in 
which he himself participated, and lie took an individual and personal 
interest in aU his students. For those few who worked as his close 
colleagues he pro\’ided a stimulating example because of his out- 
standing competence in his work, his high intellectual capacitj' and 
his cultivated mind. He brought from his homeland to the land of 
his adoption much that is best in the culture of the Old Coimtrj’' and 
his influence on medicine in Australia will last long. 

He was Dean of the Faculty of Medicine from 1927 to 1929. 

Dr A. H. Tebbutt writes {Medical Journal of Australia, 3rd July 
1948) : — “ Onlj'’ those who ‘ went through ’ in the first quarter of 
the century knew ‘ Taffy ’ at his best. And let it be recorded in the 
annals of the Sj^dney School that for most of that period ‘ Taffj'’ ' 
was, in contemporary student opinion, the best teacher in the school. 
Coming from Edinburgh, he was by repute one of Professor Greenfield’s 
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best young men. His speech was doubtless that of the- cultm-ed 
man from Edinburgh, scarcel3>- a Scotch accent, and was as clearly 
audible as its content was lucid and logical. He had ... a gentle 
and graceful wit. His clear hut scholarly exposition, his unhurried 
and orderlj' progression, and the unexpected little humorous simile 
all combined to make his lectures both popular uith students and 
not soon forgotten. His attitude to students was sympathetic and 
imderstanding. In our time, for example, he found that he could 
not complete the course in special pathologj^, so he annoimced that 
he would not ‘ do ’ the kidney and, to applause, that he would ask 
no questions on it. . . . Many will remember his autopsies, how simplj’- 
they were conducted, how he alwaj^ tried to demonstrate the effects 
of disease and time on the heart, the great vessels and the kidneys. 
Welsh was in fact a great teacher of pathology of the old school, dating 
from Edinburgh at its best.” 

Welsh’s first important investigation was on the parathyroid 
glands, and was carried out when he was an assistant in Edinburgh 
University. At that time knowledge of the subject was stm in an 
early stage and many points were obscure. Especially puzzling and 
in need of investigation was the diversity of the results of thyroid- 
ectomy in different classes of animals ; sometimes fatal results 
followed, sometimes only chronic symptoms. The work of various 
observers suggested the importance of the parathyroids in this 
connection, but Vassale and Generali were the first to describe 
fully the acute symptoms with fatal results which followed para- 
thyroidectomy ; their experiments were carried out on dogs and 
cats. Welsh’s attention was first drawn to the subject by Ford 
Eobertson, who was an omnivorous reader, and he resolved to repeat 
the work of the Italian observers. The first requisite was a careful 
study of the anatomical relations of the glands, and this was duly 
made. In the experimental work he used cats, and was assisted in 
the operations by George Carmichael Low, at that time a student of 
medicine. The writer well remembers the experiments, which were 
performed in the practical histology class-room after the class work 


was over. They were carried out with the minimum of equipment, 
but with high operative skill and scrupulous care as to asepsis, and 
they were fuUy controlled by histological methods in relation to 
the nature of the tissue removed and to the possibility of injuries 
to the thyroid. He found in confirmation of Vassale and Generali’s 
work that removal of all fom parathyroids resulted in the now well 
recognised acute symptoms — ^tetany and other muscular phenomena 
anorexia etc., followed by death after five days. The removal of 
three parathyroids might cause some of these symptoms, which 
however were recovered from; death occasionally occurred when 
the thyroid was removed at the same time. The removal of two 
^rathyroids had no effect, even when accompanied by thyroidectomy 
He further found that the oral administration of ox parathyroid ia 

y. TATH. PACT. — VOL. LX « 

2t 



C42 


DAVID ARTHUR WELSH 


large quantities was without effect in ameliorating the sjmiptoms. 
He considered that the results of these exiDcriments were conclusive 
as to the sjnnptoms being produced by removal of the parathjrroids. 
The anatomical part of Welsh’s work on the parathj’^roids was published 
in two papers, and is unusually fuU. In addition to a review of the 
whole subject up to that date, there is a useful and detailed account 
of the gross anatomj’ of the glands and their relationsliips in the 
human subject, while liis description of their histology has been 
accepted as authoritative. The distinctive characteristics of the two 
chief types of cells are full3'’ described, as arc also the variations met 
with in their arrangement and in certain minor details. Comparison 
is drawn with other endocrine glands and the resemblance of the 
parathyroids to the adrenals and anterior pituitarj’^ is noted. On the 
other hand, the dissimilarity between parathjToid and thjToid tissue, 
even at early stages of development, is insisted on. Welsh’s jjapers 
on the parathyroids are rich in descriptive detail, and present a 
valuable picture of the subject as luiown at that time. They contain 
the first sj'stematic account of the subject pubhshed in this countrj^ 
and are the greater testimonj' to liis powers in that the work was 
done while he was engaged in exacting routine duties. 

Welsh’s next important series of researches were in quite a different 
field, namel}' that of serology. Thej’^ concerned the precipitin reaction, 
and must have been begun not long after he went to Sj’^dnej^ the 
first being published in 190G, at a time when he was engaged in the 
pioneer work of his chair. Six papers on the subject were published 
in this countrj^ three of them in the Proceedings of the Royal Society, 
and there were others in Australian journals. Throughout the work 
he had H. G. Chapman as a collaborator. Knowledge of the subject 
up to that time is fully presented in Kuttall and Graham-Smith’s 
book on the precipitin reaction, and it may be that this work was the 
means of stimulating Welsh’s interest in the subject. However that 
may be, he devoted himself for several years to its investigation, 
and was able to tlirow fresh light on many important points. 

The general \dew then held was that the precipitin (antibody) on 
imiting with the antigen precipitated the protein of the latter. It 
may be recalled that such a view was suggested by Ehrlich’s theory 
of receptors : a precipitin was accounted a receptor of the second 
order, consisting of a haptophore and an ergophore group, the latter 
being effective in producing the observed result. Welsh and Chapman 
showed that this was far from being the case — ^that in fact the antibody 
developed in the process of immunisation was to be regarded rather 
as the precipitable substance than as the precipitant. In such matters 
it is always difficult to speak of priority, but there is no question as 
to the original nature of this fundamental observation of Welsh and 
Chapman. It may be mentioned that Welsh gave a practical demon- 
stration of their results to the Pathological Club of Sydney in 1905. 
These were substantiated by exact measurement in various ways. 
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For example, if an interaction is carried out iivitli a small amount of 
the homologous protein, resulting in massive precipitation, and the 
supernatant fluid is drawn off, the latter is effective in again producing 
a precipitate with fresh anti-serum ; and this may be repeated several 
times. They did not maintain that the reacting substance in the 
homologous serum is not at all diminished, but they found that it was 
insensibly exhausted even after repeated interactions. The total 
amount of protein in the homologous serum is in fact a mere fraction 
of the mass of precipitate which may be formed by the interaction. 
In a later paper this was shown by actual weighing of the dry material. 
The writers suggested that the antigen may exert a cataljdiic action 
on the precipitable substance whereby a molecular rearrangement is 
induced and the substance is thrown out of solution. In accordance 
with their view it was found that the total amount of protein in the 
blood serum of an animal increased in the process of development 
of precipitin. 

Other papers are concerned with questions which naturally arose 
in connection with the authors’ conception of the process of precipita- 
tion. Two papers deal with the phenomena of inactivation and 
inhibition produced by heating, the former being a state in which 
the precipitating (or rather the precipitable) property of an anti-serum 
is lost, the latter the property of interfering with precipitation when 
added to fresh anti-serum along with homologous protein. It was 
shown that these two properties of serum are separable phenomena : 
for example serum becomes inactive at 72° C., but not inhibitory till 
75° C. The anti-serum may also become naturally inactive on being 
dried, without becoming inhibitory. The inhibitory serum, however, 
has another property, namely that of dissolving in a specific way the 
precipitate formed by an interaction ; and inhibitory and dissolving 
powers were found to be inseparable. They concluded from their 
results that inhibitory serum acts on neither antigen nor antibody 
alone but on the product of their combination, and that an anti-serum 
is inhibitory in virtue of its powers of dissolving precipitate. They 
considered that the phenomena observed could not be explained on 
the hypothesis that they were due to “ precipitoids ” formed by 
heating. The whole question wfll be formd to be very fully discussed 
in a paper in this Journal (1908-09, xiii, 206). Welsh and Chapman 
also apphed their chief conception to the standardisation of precipitat- 
ing anti-sera and to the differentiation of group and specific precipitins, 
etc. All their work is characterised by detailed analysis and full 
controls and may be regarded as a noteworthy contribution to the 
subject. 

Many other subjects engaged Welsh’s attention during his long 
and distinguished tenure of the Sydney chair. Alone and in 
collaboration with coUeagues he published original ctotributions on 
hffimogregarines and other blood parasites of native Australian animals 
snake venoms, hydatid disease, actinomycosis. X-ray necrosis (which 
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must liave had a particular personal interest for him), and mental 
deficiency. In the later years of his active period, between 1929 
and 1938, he published a large number of papers on various aspects 
of neoplasia, manj’^ of them in the Journal of the Cancer Research 
Commiltcc of ihc University of Sydney. Tumour classification Avas 
one of these subjects, and he insisted on the need for regional 
elassifications in relation to the certification of causes of death. 
Contact spread of cancer and progressive carcinogenesis in situ, 
attributable to some form of contagion spreading from cell to cell, 
and natural defence reactions against cancer were two aspects of the 
cancer problem which particularly excited his interest. 

Of the great esteem in which Welsh was held, in Edinburgh and 
Sydney alike, we have abundant evidence. He had high ideals of 
ser\ice, and these AA-ere carried out in practically CA-er}' department 
of his work, both in individual fashion and in co-operation AA'ith others. 
He had, too, an intensely sjunpathctic interest in his students, and 
the strong influence wliicli he exerted on the career of man}' may be 
readil}' understood. He had, morcoA'cr, tAvo qualities Avhich seem 
to the AA'riters specially notcAvortlij'. One Avas his unselfishness in 
all his relations AA'ith his fclloAA's ; there Avas in him no trace of jealousy, 
and he AA'ould rejoice Avholcheartedly in the good fortune of others. 
The other quality Avas his Avarm s}Tnpathy Avith those in sufTcring or 
distress of any land. He himself had the misfortune to suffer from 
a disabilit}' AA-hich affected him during the greater part of his professorial 
life. !More than thirty years before his death he had X-raj' treatment 
for an affection of the feet, the treatment being carried out both in 
this country and in Australia. There Avas definite overdosage and 
the usual results folloAved — epithelial thickening and fissuring of the 
soles of the feet, etc. Later, intractable ulceration folloAved, leading 
to progressive incapacity. His poAA'crs of AA'alldng Avere impaired, 
and he Avas cut off from outdoor recreations such as golf, in which 
he had previously taken great pleasure. Ultimately, about four j'ears 
before his death, epithelioma dcA-eloped in one foot, and amputation 
of the leg had to be performed ; this Avas unfoi'tunately folloAved by 
much pain. 

After retirement from his chair, he took up the cause of discharged 
soldiers and sailors suffering from disabilities of A'arious kinds, going 
into their cases from the pathological point of aucav. In this wa}' 
he succeeded in getting better conditions for many men. This 
beneficent work AA'as carried on even when he was in a state of 
suffering — in fact until it was physically impossible for him to continue. 
Ultimately there was CA'idence of severe arteriosclerosis leading to 
coronary thrombosis and retinal changes Avith impairment of vision. 
AH these trials were borne Avith great heroism and cheerfulness of 
spirit, and he maintained to the end his compassionate interest in the 
well-being of others. 

Welsh, in 1900, married Elizabeth Muir, eldest daughter of the 
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Eev. Robert Sluir, Allars Church, Hau-ick. They had one 

son, Arthur Jluir Welsh, who entered the medical profession and for 
a time took part in the teaching of pathologj' and in research in the 
University of Sj'dney, 

We are indebted to Dr MervjTi Archdall, editor of the Medical Journal of 
Axistralia, for permission to quote from the obituary notice which appeared 
in that Journal on 3rd July 1948. A full bibliography of Professor Welsh’s 
published work appears in the same issue. 

Robert SIxtie 
Bjeith iKoras 
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Bone marrow biopsy ; hasmatology in tho light of sternal puncture 

By S. J- Leitkee. English translation revised and edited by C. J. C. 
BRrrTO>; and E. NEtntAEK. 1949- London: J. & A, Churchill, Ltd. 
Pp. xi and 434 ; 7 plates (6 in colour) and 188 text figs. 423. 

Wlien a length 3 * monograph, cast in the classic mould of continental 
scholarship, is translated from the German, revised, and expanded bj- the 
addition of many references to modem Anglo-American work, the re^t 
is likely to be a volume of great erudition but singular indigestibility. 
So it is with the present volume. Amongst a welter of ^oted opinions 
and references, the dhigent reader wih find original observations, comments, 
interpretations and judgments which are of real value, but so much effort 
has been expended in producing what the translators hope will be ‘ an 
adequate and reliable reference book ” that the volume fails to be what 
the author wished, a book mainly intended for practical ciimcal use.” 

Its scope is best described by the sub-title, for, although almost all 
the illustrations are of marrow tissue and cells, much of the text and many 
of the diagrams are concerned with peripheral blood changes, and the 
subject matter, apart fi:om the introductory chapters on technique and on 
the morphology of marrow cells, is systematically presented as in a standard 
textbook of haematology. The documentation is tremendous. The tabulated 
references at the end of one long chapter on disorders of erythropoiesis 
number 963 — unless the re-viewer has lost count somewhere, and a short 
chapter of barely 20 pages on disorders of thrombocytopoiesis concludes 
with a list of 156 references, about half of which date from 1939 onwards. 

The industry and enthusiasm of the collaborators in this encyclopaedic 
work are matched by the industry and enthusiasm of certain sternal 
puneturers whose efforts are faithfully and too often uncritically recorded 
here. Thus we learn, for what it is worth, that “ Schretzenmayr (1938) 
found a marked myeloid reaction and reticulum cell proliferation ” in 
the marrow in smallpox and that Tanahasi was able to ad-vise amputation 
for g£LS-gangrene on the finding of “ large, round or ovoid, monocj-toid 
cells ” in the sternal marrow, since these cells were found in the marrow 
of limbs amputated from patients -whose disease “ took a favourable turn.” 
That such a pronouncement as the last should be recorded -without comment 
is one of the results of subjugating thought to the card-index when composing 
a book. 

The text is much interrupted by long fists of authors and dates. This 
is perhaps inevitable in a book of this kind, but what is avoidable, if only 
sufficient -vigflance is exercised, is the inclusion of useless and indeed 
almost meaningless statements, e.g. (p. 349) “ Atypical cases of Hodgkin’s 
disease, such as those of Sehnltz, TTermbter and Puhl (1924) and Sachs 
and Wohlwill (1927), are at least allied to the reticulo-endotbefioses, in 
the opinion of Doan and Wiseman (1934), Cionini and Rotta (1934) and 
Hittmair (1942).” This pregnant sentence serves also as an ev«Tnp| e of 
the style of -writing in the worst parts of the hook, a style -which soon 
befogs the mind of even the most determined reader. 

The technical sections in the early chapters are good, and the careful 
description of the morphology of the marrow cells is illustrated by fine 
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photomicrographs, those in the chapter on tlio study of mitosis being of 
particular oxcellcnco. Tliere are important and original observations on 
post-mortem changes in the marrow, and the reviewer is glad to see the 
forcible statement that “ stomal puncture half an hour after death is 
nlread3’ too late to give a result of nnj' value.” The terminology used is 
acceptable. Thus “ crj'throblast ” is “ a collective denomination for all 
nucleated red cells,” and “ the pathological developmental series of mcgalo- 
blasts ” is separated from normal cr 3 'thropoic 3 is. Tlio plasma cell is 
clearty one of Leitner’s hobb3' -horses. Not content with a plasinoblast, 
a proplosmoc3'to and a plnsmoc3’te, lie distinguishes a “ semi-mature 
plnsmoc 3 ’te,” and there is much information about C 3 'toplnsmic inclusions 
and vacuoles in these cells and their relation to protein production. Tlio 
si.x colour plates are clear and instructive. With a few exceptions, the black 
and white photomicrographs are well chosen and well reproduced and 
tcstif3’ to the author’s wide practioal experience and to liis powers of detailed 
observation. 

This book deserves a place in the libraries and on the shelves of hnemato- 
logical scholars. It would bo omamcnlal ratber than useful on the working 
bench, b\it it can bo 6trongl3' recommended to an3'ono who contemplates 
writing n paper on 003* aspect of marrow biops3’. 


An atlas of bono-marrow pathology 

B3’ JI. C. G. IsuAtlLs. 1948 . Tondon ; William Hcincmann Medical Books 
Ltd. Pp. X and 70 ; 12 plates in colour and 3 text figs. SOs. 

Tins small book is both an atlas and a terse and nulhoritativo description 
of the tcclmiquo of sternal puncture and of the normal and pathological 
marrow cells ns seen in smear preparations. It contains on]3’ fort3’-eight 
pages of text, a short bibliograph3' and a dozen excellent coloured plates. 
One could wish that the publishers had liad sufficient faith in its success 
to have issued it at a more modest price, but the piu-clmser will realise 
that the extra few shillings ho has to pn3’' are justified b3' the great care 
which has been taken with the illustrations. Seven plates are occupied 
by paintings of nearly two hundred individual colls. The remaining plates 
illustrate composite groups of colls representing twcnt3’ marrow smears, 
normal or pathological. In tone, colour and perfect register these plates 
do real justice to the skill of the artist. Miss Davison, and are amongst the 
very best available in ha2matologicnl literature. Some of the cells ai^pear 
small, but tho3' are all drawn to the same scale and their size is actually 
that which one is accustomed to see with the magnifications usualty 
employed. 

The text comprises a short description of teclmiquo followed by twelve 
pages on the morphology of marrow colls. There follow a description of 
the normal marrow smear and of the m3'ologram in disease, a brief account 
of the bone marrow in childhood and a useful chapter containing tables 
comparing the cellular pattern of tho marrow in various disorders. Israels 
has simplified the terminolog3’', and tho dogmatic stand he has taken on 
many points which have hitherto been too wordily debated will meet with 
general approval. Tlje reviewer differs from Israels in preferring to tap 
the body of the sternum rather than the manubrium and in separating 
band-form neutrophils from metamyoloc3d;es, but these are only differences 
in individual practice. The principles of marrow examination are most 
excellently set out in this book. In the Manchester clinic a “ qualitative 
assessment ” (not “ assessement,” p. 27 ) is made in all except difficult or 
research cases. This saves the expenditure of time on the differential 
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coimt and excuses the clinician from ploughing through a long numerical 
report. This is admirable when the laboratory work is undertaken by 
an experienced hremntologist, but if the beginner takes this short cut ho 
nuis the double risk of issuing totallj* misleading reports and of never 
reall}' learning his way about a marrow preparation. Tliis point might be 
emphasised in future editions. 

Tlio book is strongly recommended. It should bo at the side of all 
pathologists who onlj' undertake the occasional sternal marrow examina- 
tion. The experienced hmmatologist may find it too brief but he will 
not be displeased by anj-thing it contains. It is emphatically the book to 
hand to every embryo clinical pathologist ns soon as ho begins to study 
marrow -biopsy material. 


Bacterial and mycotic infections of man 

Edited by RExfi J, Demos. 194S. Pliiladelphia, London, jMontreal : 
J. B. Lippincott Co. Pp. xiii and 785 ; 97 text figs, and 3 colour plates. 
S5. 


This handsome book from America deserves a warm welcome. Its 
37 chapters are the work of 34 contributors, among whom are names familiar 
to British bacteriologists, such as Dubos, the editor, T. Francis Jr., Janeway, 
ilaxcy, ilurray, ITungester, Sabin, and Swift. The object of the book is 
to describe, principally for the medical student, the bacteria, moulds and 
actinom 5 -cetes pathogenic for man, and where possible to combine these 
descriptions with a brief account of the pathology, chnical features and 
epidemiology of the resulting infections. Tire material is well and thought- 
fully arranged and the student will find the information he needs, both 
for examination answers and for clinical practice, besides a great deal to 
stimulate his wider interest in the fundamental problems of biology 
presented by the phenomena of host-parasite relationships. AU this is as 
it should be. 

Bergey’s outline classification is given in full although it is admitted 
that this has not remained vmchaUenged. Even within the book the 
contradictions of Bergey’s system are apparent, since Blair, who writes 
the chapter on staphylococci, rightly believes that the term staphylococcus 
will persist and uses it throughout the discussion, although, illogically, he 
feels obliged to refer to the type species in Bergey’s fashion as Alicrococctis 
pyogenes var. aureus. It is an agreeable feature of the book that, in ^ite 
of some astonishing onaissions, there is a higher proportion of references 
to British work than in many American publications. 

It is good to discover that bacteriological thinking on both sides of 
the Atlantic has points of common sympathy. For example, there is 
a pleasantly acid reference on page 698 to a theory advanced by “ certain 
speculative epidemiologists.” It is surprising, however, to read on the 
same page that the studies of Schneider and Webster on the effect of diet 
on response to infection showed that resistance-promoting food elements 
were of “ very limited importance ” in influencing the results of experimental 
salmonella infections in mice. This is not a sound interpretation of the 
authors quoted, of Schneider’s later work, or of the results reported by 
the experimental epidemiologists from the London School of HvEiene in 
1937 and 1938. 

Among minor irritations it may be permissible to complain of inconsistent 
and unwelcome forms of bacterial nomenclature in the list of contents, 
such as “Mycobacterium Tuberculosis,” thus written, and such curious 
plural forms as “ The Salmonella,” “ 'The ShigeUa,” “ The Pasteurella ” 
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and “ Tho Brucella.” No. 14 scorns to have boon omitted from tlio serially 
numbered charts. But taken all over, tho book is as good as it looks and 
must cortainlj- rccoiv'o an honoured place in any good medical librarj-. 
Its modest ijrico is made possible by a grant from the National Foundation 
for InfantUo Pnrnl 3 -sis. 


Heredity in breast cancer 

Bj' OLtrr Jacobsek. 1010. Copenhagen ; Arnold Busck : London ; 
H. K. Lewis & Co. Pp. .106 ; 200 text figs. 18s. 

Tho handbook describes an inquirj- which has been verj’ carefulh’ 
undertaken and has followed tho snino lines ns that of IVn.ssink. Jacobsen, 
however, has imjirovcd on IVnssink’s inquirv, in that ho has collected tho 
cancer historj’ of a control series based on non-cancer cases. 

Two hundred families of proven cases of breast cancer (termed tho 
probands) from tho files of the Danish Cancer Begistrj' were studied so as 
to ascertain tho incidence of cancer of all sites in these families. As controls 
a scries of families of 200 patients of corresponding ago groups, who were 
not fljenjseJves fnifTcring from breast enneer, from iho mirgicn] -n-ards of 
Copenhagen hospitals, woro similarlj' studied and tho results compared 
with tlioso of tho probands. Tlio probands and tlio control cases were 
closelj’ questioned ns to tho fate of their relatives and, where possible, 
tho medical histories wore followed up bj- searching the parish and hospital 
records. Ino.xplicnblj', of tho 200 chosen eontrols 90 were males, which 
sure!}’ must rob tho results of some of their value. I’ho author is himself 
very dissatisfied uith his controls, rightlj* pointing out that in these families 
cancer is not tho subject of such interest ns in the families of tho probands. 
In consequence, their histories are probablj’ not ns nccurato, since tho 
results have probablj' given too low a cancer incidence. Cortainlj’, looldng 
at the tables sotting out tho incidence of cancer in tho Dvo groups, it would 
seem that amongst tho relatives of tho probands tho incidence of cancer 
of all sites, and pnrticularh’ of tho breast, is considernblj' higher than in 
those of tho control scries. Tho author secs in these results " a clear 
indication of hereditnrj’ predisposition being tho chief factor in tho develop- 
ment of cancer.” But in an inquirj’ of this nature there is on unavoidable 
wealeness in that much of tho evidence depends on tho accuracj’ of tho 
results of questioning, and that there will bo less accuracj’, ns tho author 
himself admits, in tho control series. 


Methoden der patbologischon Histologio 

By FmiDKiiic Rotoet. 1948. Vienna : Springer-Verlag. Pp. xi and 607 ; 
20 text figs. Swiss fr. 03 (boimd Swiss fr. GG). 

Professor Roulet’s book follows tho general lines of Sclunorl’s woll- 
Imown work “ Dio pathologisch-histologischen Untorsuchungsmethoden,” 
a new edition of which it is designed to replace, and contains full and 
detailed instructions for tho use of manj’ rolntivelj’ new ns well as of old 
and well-lmown methods and stains. An earlj^ chapter contains advice 
on the use of the microscope, on tho cleaning of slides and other apparatus 
and on tho storing of histological preparations. There are sections on 
phase-contrast and fluorescence microscopy. The directions for the 
dissection and fixation of various organs and tissues are helpful and practical. 
Several pages, with useful diagrams, describe tho way in which the heart 
should be dissected and blocks of muscle excised for the study of lesions 
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of the nuricvilo-ventriculnr bundle. A method is described of dissection 
of the petrous bono for the preparation of material for the microscopical 
study of the middle and internal car. For English readers, -who have easy 
access to English and American journals, the omission of a certain number 
of recently introduced methods is relatively unimportant. On the other 
hand, in these days of specialisation, the chapters on the preparation and 
staining of blood films and of films for the demonstration of bacteria, 
including a list of Gram-positive and Gram-negative bacteria, may appear 
redundant in a ^vork on morbid histological methods. 

Tliis is a valuable •work of reference -which should find a place in every 
pathological laboratory. Its special merit lies in the details given of the 
preparation of the neccssarj- stains and reagents as •well as of the conduct 
of the methods described. Such details are e\'idence of the author’s personal 
experience and practical familiarity -with histological technique. 


The thyroid and its diseases 

By J. H. MEAi^rs. Second edition, 1948. Pluladelpliia, London, Jlontreal : 
J. B. Lippincott Co. Pp. x\dii and 571 ; 13 plates and 50 text figs. $12. 

This is a book for the practising clinician. The first edition appeared 
some eleven years ago, and in this — the second — the material has been 
extensively revised and brought up to date, particularly in the fields of 
therapy. R. W. Ra-wson is responsible for the chapters on pathology 
and tiimours of the thyroid, -while the surgery is in the hands of Oliver 
Cope. The book admirably co-ordinates the -work of a progressive team 
of physicians, surgeons and research -workers of world--wide repute, and 
everywhere is to be found a sane, balanced opinion and a critical appraisal 
of aU progressive work in the field of diseases of the thjToid, much of this 
by men attracted to and working in collaboration -with the author 
in the Thyroid Clinic at the ^Massachusetts General Hospital. The clinician 
■will find almost every problem of the diseases of the thyroid touched upon 
and usually fully and critically discussed. One may mention the adoption 
of the measurement of epithelial cell height as a measure of the functional 
acti-vity of the thyroid gland, of tissue-culture technique for measuring 
thyrotropic and anti-thyrotropic factors, the uses and limitations of anti- 
thyroid drugs, the present position of iodine and sxugery and the use of 
radio-acth-e iodine. The fundamental work on iodine therapy still occupies 
a prominent place in the book but not at the expense of other topics. There 
is a full bibliography. The book is a triumph of friendly co-operation 
co-ordination and progress. 


A catalogue of insecticides and fungicides. 'V’ol. I, Chemical insecticides 

By DoxAur) E. H. Fbeab. 1947. Waltham, ilass. : The Chronica Botanica 
Co. ; London : WiUiam Dawson and Sons, Ltd. Pp. xii and 204. $6 50 

A catalogue of insecticides and fungicides. Vol. II, Chemical fungicides 
and plant insecticides 


ByDoxALDE.H.FKEAK. 1948. Waltham, Mass. : The Chronica Botanica 

Co. ; London William Da-wson and Sons, Ltd. Pp. xii and 154. §5 go 


Durmg recent years a great deal of research has been directed towards 
the finding of new materials for insect and fungoid pests Since the 
discovery- of the active principles of pyrethrum and denis, the =earch for 
new and better matenals has been intensified and has led to the discoverv 
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of manj' promising and important now compounds. Jlany of tlio commonly 
used materials arc not highly efficient and most of them which have a 
high toxicit 3 ' to the lower forms of life aro also to.xic to both man and the 
higher animals. At tho same time it has become apparent that new strains 
of posts are arising wbich have become bighly resistant to tho older forms 
of treatment, so that now pest-control substances arc needed. Tlio work 
has been pursued so activelj* that tho literature upon tho subject is now 
both voluminous and widolv" scattered and to meet tho needs of current 
research a comprehensive survey of tho entire field is urgcntlj' required. 

With this end in view, tho author has compiled this cataloguo in which 
are presented data obtained from published and unpublished reports 
concerning some 10,000 compounds tested against insects and fungi before 
1944. 

Vol. I deals with chemical insecticides in which tho chemical name and 
formula of each substance is followed bj’ tho insects against which it has 
been tested, and where possible tho concentration at which it was cmploj-ed, 
tho bibliographical references including references to patents. There are 
also reference and author indexes and a list of patent numbers arranged 
by countries. 

Vol. II deals witli fungicides of both sj-nthetic and plant origin and 
insecticides obtained from plants, again with an extensive bibliographj' 
and list of patents and an index of chemical compounds covering both 
volumes. 

Tho siTithetic compounds are arranged according to a now numerical 
coding sj’stom, as brioflj* explained in tho introduction. Tlio whole point 
of this coding system appears vague and unneccssarj'. To tho chemist 
it makes tho classification verj' involved and to tho biologist it is un- 
intelligible. Until structure can bo related to toxicitj*, it is advisable to 
retain tho S 3 ‘stem of chemical classification founded on groups and derivatives 
thereof, which is familiar to all chemists and most biologists. However, 
this difficulty is easi^' overcome b 3 ' tho use of tho index of chemical com- 
pounds at tho end of vol. II. 

Tho arrangement of tho cataloguo is primaril 3 ’ of interest to tho chemist 
and wilt bo of great value in tho search for new insecticides and fungicides. 
Its value would bo enhanced b 3 ' tho addition of a biological index gh'ing 
references to materials used against each pest. 


A textbook of clinical pathology 

Edited by Frajtcis P. Pajiker. Third edition, 1948. Baltimore : The 
Williams and Wilkins Co. (British agents Bailli&ro, Tindall and Cox.) 
Pp. XX and 1023 ; 44 plates (33 in colour) and 229 text figs. 60s. 

The first (1938) edition of this now well-established book was edited 
by Dr R. R. Kracko, the second (1940) by Dr Kracke and Dr Parker 
together : the present edition was prepared b 3 ' Dr Parker alone and had 
been brought up to page proof just before his untimely death at the end 
of 1947. Each of the later editions has added some 200 pages to its 
forerimner and the book is now ns largo as a single volume ought to be. 

Excellent monographs devoted to special branches of clinical patholog 3 ' 
are available and British pathologists generally prefer to use these, many 
of which aro of native origin and fully cover the standard practice in this 
country. It can hardly bo stated, therefore, that Parker’s textbook is 
indispensable. Indeed it suffers from the seemingly inevitable fault of 
comprehensive manuals embodying tho work of several contributors 
that it is neither advanced enough for tho trained clinical pathologist nor 
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simple onougli to serve ns n primer for the beginner. Nevertheless the 
book contains so much of vnUio and interest and is, generally speaking, 
so clearly -^Tittcn and illustrated that it is bormd to prove a useful addition 
to the librarj' of any laboratory. 

Stress is laid throughout the book on the indications for the various 
laboratory examinations and on the interpretation of results. Technical 
methods are described in most sections with such clarity of detail that the 
procedures can easily be carried out from these instructions, and space 
has been economised by quoting usually one method only for securing the 
desired result. This is no bad thing, and the methods described have 
ob\'iously been selected with care. Newer techniques have been substituted 
for older ones where necessary, and although some of the methods may not 
he those in current use on this side of the Atlantic, it is useful to have this 
summary of modem American practice. Dr Parker’s chapter on clinical 
blood chemistry is a fine example of tliis mode of presentation and should 
prove of the greatest value to those whose main interests are not chemical 
but who are occasionally called upon to make the less familiar estimations. 

The standard of the different chapters varies. The opening chapter on 
general hffimatologj- by L. IV. Diggs is excellent ; it is clearly written and 
contains many simple practical observations. Its 94 pages can be strongly 
recommended for any technician to read. The later chapters on hematology 
are less uniformly good and are not free from error. One cannot allow 
fig. 55, for example, to pass without comment since it includes a drawing 
of a hematocrit tube with cells packed down to 63 per cent, and labelled 
“ Slacrocytic antemia.” Again there is some confusion as to what is meant 
by a megaloblast. But the chapter on the tests used in haamorrhagic 
diseases, also by Diggs, is very good, as is that on the blood groups by 
L. Davidsolin. This provides an excellent and practical description of 
its subject, marred only by the use of Wiener’s classification of the Rh 
factor instead of the more logical British system. These chapters axe 
obviously addressed to the more experienced pathologist, as are those 
on the assay of vitamins and hormones, the diagnosis of venereal lesions 
and the serological tests for syphilis, including the detailed technique of 
three complement-fixation and five flocculation tests. 

The work falls short of requirements in regard to bacteriology, for 
although some methods and culture media are briefly described and the 
diagnosis of rabies occupies ten pages, it would be quite impossible from 
the instructions provided to conduct a satisfactory investigation of a 
suspected case of either diphtheria or dysentery or even to deal properly 
with a throat swab. 

Each chapter contauis a selected and up-to-date bibliography, referring 
almost exclusively to American publications. There are many good points 
about this volume, and some sections are certain to please evervone. 
Errors and misprints are few, and the production is admirable. 


The Rh blood groups and tbeir clinical eSects 

By P. L. Moulison, A. E. Mouka>-t and R. R. Race, Medical Research 
Council Memorandum no. 19. 1948. London: H.M. Stationery Office. 
Pp. 74 ; 3 text figs. Is. 6d. 

“ It is inevitable that a discovery which is so intellectually satisfjdng 
and so practically effective should gather round it a bulky literature 
OTe that wiU grow as the researches enter the fields of genetics and ethnologv 
The Medical Research Council, realising that there is an urgent need for 
an authoritative summary of present knowledge on this subject beUeve 
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that this memorandum b 3 ' Dr Mollison, Dr jMoumnt and Dr Race will bo 
widolj' welcomed.” So ends tito preface to this excellent monograph, 
and all who have attempted to follow tho literature since the discovery 
of tho Rhesus factor will heartllj' concur in these remarlcs. Landsteinor 
and A^’icner announced tho discoveiy of tho Rhesus factor in 1940, and 
almost immcdiatclj- its significanco in intra-group hrcmolj'tic transfusion 
reactions and hrcmolj’tio disease of tho new-born became linown. Tlio 
effect of those announcements can onlj' bo likened to a veritable medical 
“ Ivlondikc,” with so manj- workers anxious to “ stake a claim.” This 
has resulted in a continuous .stream of contributions on all aspects of tho 
subject, some significant, others not. Tho resulting confusion of thought, 
to wliich must bo added controversj' in regard to terminologj-, has rendered 
tho subject almost miintolligiblo to anj' but those nctivelj’ engaged in tho 
work. After realising tho need for an authoritativo review it was onh' 
to bo expected that tho IModical Research Council should call on tho present 
authors, who have alreadj’ made such outstanding contributions in this 
countrj-, to fulfil this task. 

For convenience the memorandum is divided into three sections : — 
(I) Tho Rhesus groups, (II) Clinical Considerations, and (III) Rh Testing. 
Race, after a short historical introduction, explains tho simple division of 
tho Rh groups into Rh-positivo and Rh-negativo. This explanation is 
brillianth- done and no serious reader can fail to understand and appreciate 
its significanco. Ho then proceeds to a more complete description of tho 
Rh groups, tho difierent Rh antibodies, tho effect of the ABO blood groups 
on tlio formation of anti-Rh and concludes with a short but lucid explana- 
tion of Fisher’s gonctical basis of tho Rh groups. 

Mollison deals with tho second .section and in a precise and lucid stjdo 
explains tho effects of iso-immiuiisation. Ho then discusses tho diagnosis 
and treatment of hmmolj'tic disease and concludes with some sound 
suggestions for transfusion technique. Such controversial issues as termina- 
tion of pregnancy and breast feeding are admirablj’ dealt with, although 
one feels that a worker of Mollison’s abilitj" and c?q5crionco could have 
afforded to bo more dogmatic. Although this section is mosth’ concerned 
with iso-immimisntion and its soquel.'c, all clinicians who have recourse to 
blood-transfusion therapy will profit by its studj-. This clear exposition 
is probably tho best of its kind to appear in print so far, and should remain 
the standard for clinical practice for some time to come. 

Laboratory workers vill welcome Mourant’s clear account of tho manj' 
aspects of Rh testing, the section on tho tasting of colls and serum being 
particularly good. Pathologists who carry out largo numbers of routine 
tests will be surprised, however, by tho lack of emphasis placed on tho 
necessity for adequate controls, and on tho instabilitj’ of immune sera. 
In the list of equipment necessary for carrj'ing out these tests no mention 
is made of a centrifuge. 

Altogether this is a most excellent monograph and tho authors and 
the Medical Research CouncU are alike to bo congratulated on fulfilling a 
long-felt want. 


Die Immunitatsiorschung, vol. Ill, Die Antigone 

By R. Doeeh. 1948. Vienna : Springer- Verlag. Pp. vii and 375 ,- 3 text 
figs. Swiss fr. 38. 

This volume contains much compressed information about antigens. 
It is essentially a work of reference for the specialist in serology who is 
able to make use of the concise summaries of and tho references to important 
and recently published observations. It is not a book for beginners and 
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tho author in tlio roviow of an cxtonsivo litoratnro. Vt’o have tho advantage 
of his labour in tliis \ip-to-dato and coinprohonsivo textbook especially 
intended for tho dental student and practitioner. It should moot their 
requirements more than ndcquntel 3 ', and will bo useful also to tho medical 
practitioner and to those ongnge<l on special investigations in this field. 


Laboratory diagnosis o£ protozoan diseases 

By CmuiLES FnANirLt-V Craio. Second edition, 1018. London : Henr.v 
ICimpton. Pp. 384 ; 7 colour plates and 50 text figs. 27s. Cd. 

Tho first edition of this book was published in 1042 and was at once 
accepted ns authoritative. It proved of great practical \'nluo to all workers, 
both at hotno and abroad, who were engaged in diagnosing tho vastl.v 
increased number of cases of protozoal infections rc.sulting from wartime 
conditions. Col. Craig gives two reasons for tho nppcarnnco of the second 
edition, namely tho exhaustion of tho first, and tho need for including new 
material, particularlj' in regard to those two propondenitinglj- important 
tropical diseases, malaria and amoebic dj-senter^-. Tho importance of 
diagnosing these diseases with tho minimum of dolaj' and tho maximum 
of cortaintj’ is all-important, not onlj’ for tho sake of tho patient, but to 
prevent tho spread of infections introduced bj’ largo numbers of men 
returning from overseas. Verj- projiorlj-, therefore, some two-thirds of 
tho now edition arc devoted to their consideration. In tho case of malaria, 
although manj' serological and biochemical methods of diagnosis are 
discussed, tho fact remains that tho onlj* satisfactorj’ method of diagnosing 
malaria is tho finding of tho parasite. Cultural methods omploj’cd for 
this purpose have so far proved unsatisfactory, and reliance must still bo 
placed on tho search of thin and thick films taken from tho peripheral 
blood, tho greatest advance in rapid diagnosis having followed tho intro- 
duction of improved methods of preparing and staining thick blood films. 
As regards tho diagnosis of amoebic dj’sontcrj’, tho situation is somewhat 
different. It is genorallj" agreed that when examining tho frcccs for 
histolytica cysts onlj' some 1 in 5 infections will bo detected bj' a single 
direct smear examination, and that this proportion of positives will bo 
considerably increased by tho cmploj'mont of one of tho recognised con- 
centration methods. Of these, tho zinc sulphate centrifugal flotation 
method is recommended. On tho other hand, whereas British workers 
seldom use the complement-fixation test as a method of diagnosing amoebic 
infections. Col. Craig regards it ns a valuable diagnostic aid, although ho 
is careful to point out that it should never replace the stool examination. 

The remaining one-third of tho book deals with methods for diagnosing 
leishmaniasis, tiyyinnosominsis, balantidiasis and coocidiosis ; ns regards 
this last-named infection, it is pointed out that there is no worth-while 
evidence that Isoapora hominis is in anj' way pathogenic to tho human host. 
On the contrary there is reason to think that, ns in the case of E. sardince 
and E. clupcarum, it may bo only a passenger through tho human intestine. 
In each of these infections tho various methods for obtaining, preparing 
and examining material are discussed, ns is also tho comparative value 
of different methods of diagnosis. It might be argued that the author 
presents too many alternatives, but this book is intended for tho experienced 
worker, not for the novice, and tho advantages and disadvantages of each 
method are carefully considered. Tlio reviewer has only two suggestions 
to offer : if, as appears probable, there is a call for a third edition, this 
might include a reference to the value of examining the passed placenta 
for evidence of malaria and, in the case of African trypanosomiasis, the 
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vnluo of oxnmining tho site of tlio infective bite — tho chancre — for tho 
presence of trj'panosomcs, before these hnvo had time to invade the 
lymph- or blood-stream. 

ilio vrork is finely produced and vrell illustrated, tho quality of the 
binding, paper and printing being oxcoptionally good. In view of tho 
numerous illustrations, mainly from photographs, and tho fine colour 
plates, tho price charged — 27s. Od. — is not unduly high. 


Essentials oi public health 

By Wiu,iA3r P, Shepaud. 1948. Philadelphia, London, Montreal : J. B. 
Lippincott Co. Pp. xviii and 600 ; 18 plates, 2 text figs, and 29 charts. So. 

This book, written in collaboration with C. E. Smith, K. R. Beard and 
L. B. Reynolds, is intended for practising physicians, not laboratory or 
public health workers, and is thus unlikely to be of particular interest to 
readers of this Joitmal, while the terse stylo will probably jar on the average 
British reader. Some of tho material in the book gives the impression 
that one of the purposes of its publication is to convince American physicians 
what a wonderful place tho United States of America is, even if, in order 
to do so, it requires such casual treatment of the vital statistics as a 
comparison between the expectation of life in the U.S.A. for 1932-34 and, 
for example, that in New Zealand for 1921-22, or British India for 1921-30. 
It seems extraordinary that in a book published in 1948 the most recent 
figures on maternal mortality quoted relate to 1930. As many significant 
changes have occurred in maternal mortality since that date the relevant 
text is of little value. 

There are 16 pages of photographs of large sewage disposal plants 
which can have little interest to the practising physician, whereas the 
English and Danish work on scabies since 1941 does not seem to have 
produced any dollar return in the shape of accurate facts on the incubation 
period and transmission of this disease. 


Textboolt ol public health 

By W. M. Fkazek and C. O. Stalutbeass. 12th ed., 1948. Edinburgh : 
E. & S. Livingstone, Ltd. Pp. xi and 571 ; 21 plates (I in colour) and 
63 text figs. (1 in colour). SOs. 

It must be disheartening for the writers of works on public health to 
see a new act such as the National Health Service Act, 1946, on the statute 
book. The main provisions can be expounded in quite a few lines in a 
new chapter, but, unforttmately, the effects are so widespread that nearly 
all other public health legislation is modified in some way, thus making 
the text out of date. In this, the 12th edition of Frazer and Stallybrass, 
the authors claim in their preface to have produced an up-to-date book, 
but, in. fact, it is merely the 11th or an even earlier edition with a few 
footnotes and explanatory paragraphs added and a chapter on the new act. 

“ The result is a textbook likely to be misleading to the student who studies 
the book as a whole, and one which will almost certainly prove dangerous 
to anyone using it for reference pmrposes. 

For instance, on pp. 19 and 20 the duties of Local Authorities are given 
as they were before 5th J uly 1948 and, in the section on occupational hygiene, 
the Workmen’s Compensation Act is described, although this, of course, has 
been repealed. In the section on tuberculosis, financial aid for tuberculoas 
patients is described under the Local Authorities Scheme, whereas it is 
now part of tho ordinary form of National Insurance. Numerous faults of 
J. path, mcr.— Tot. tx o_ 
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this kind nro not compensated for by Iho occasional footnotes, •a-hicli may 
bo many pages away from the text tlic student is nctxiallj’' reading. 

Tuniing to tho more scientific aspects of the book, tlic section on 
bacterial food -poisoning is not up to tho standard one would c.xpect in a 
modem textbook in view of tho importance of this subject. In dealing 
with scabies it is stated that disinfection of clothing is usual and tho 
Scabies Order, 1941, is quoted although this has now been repealed. 

Tho writers state that in tho case of doubtful diagnosis of smallpox 
“ resort may bo had to certain laboratorj' tests,” but these nro not described 
and no indication is given ns to their value. Tho section on diphtheria 
immimisntion savoiu^ of having been written ten or fifteen years ago ; 
control of an epidemic by Schick testing and swabbing is not tho normal 
procedure in our present highlj' immunised population. Tlio treatment 
of cerebrospinal fever appears to have been written at tho time of tho 
introduction of tho sulphonamidcs, while tho chapter on streptococcal 
infections seems to have been written prior to this time and inoculation 
with toxin is seriously suggcstetl as having *a place in tho prevention of 
these diseases. Disinfectant gargles arc still advocated for tho 11=0 of 
contacts in cases of poliomyelitis. Tho mortalitj- from anthrax is given 
as 4 per cent, and treatment does not seem to have advanced beyond tho 
uso of scrum or excision, no mention being made of sulphonamidcs or 
penicillin. 

IndigenoiLS malaria is stated to bo absent in Britain, which is just 
not true, and tho only roforcnco to mepacrino is most unsatisfactorj', 
located in tho hotch-potch paragraphs on chemotherapy and chemo-pro- 
ph3'laxis tucked awaj’ in a later part of tho book. 

It is a pitj- that a fimthcr impression was not taken of tho 11th edition 
rather than producing what in name is a nesv edition, but is, for all practical 
purposes, an old one. 

Tho basis of chomothorapy 

By TnosiAS S. Wonu and EniZAiinTn Wouk. 1948. Edinburgh : Oliver 
and Boj'd Ltd. Pp. xx and 435 : 1 plate and 42 text figs. 2Cs. 

Tho authors’ attitude to their predecessors’ work seems to bo expressed 
by tho folloudng statements. “ 'The historj’- of chemothorapj* during tho 
last half century is largol}’’ ono of painstaking development by tho organic 
chemist of chance observations made bj'' tho o.xperimental pathologist 
or the microbiologist ”. “ Tho earlj’- successes achieved bj* chemothcrapj’^ 

tended to obscure tho empirical nature of tho researches leading to these 
results. The chief reason for this empiricism was that, imtil comparativelj' 
recently, research was concerned mainly with tho action of drugs when 
injected into infected animals ”. But the essence of chemotherapj' is, as 
Ehrlich put it, “ to cure infected animals ”. Until this was accomplished 
there was no chemotherapy ; and to dub such work and tho consequent 
biological discoveries of drug-fastness, serum-resistanco and chemo- 
therapeutic interference as chance achievements of empirics sounds rather 
like ingratitude. Without these observations, ono wonders what there 
might have been for biochemists and pharmacologists to discuss in this field. 
No one should dissent from tho dicta that “ For chemotherapy to grow 
as a science, attention must bo devoted to tho fundamental aspects of 
drug action. Drug distribution in tho host must be understood ; the 
permeability of cells to drugs and the effects of drugs on coll permeability 
must bo elucidated ; tho altered metabolism and reproduction of pathogen 
in the presence of drugs must be interpreted in terms of cellular biochemistry. 
All these problems and more constitute the fomidations for a science of 
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chemotherapy ; at the present time vro are only beginning to probe their 
nature “ Our best approach to the foundation is to obtain as clear a 
picture as possible of the enzjunic make-up of livung cells, so that, eventually, 
■we can reconstruct in exact chemical terms the series of events, -which we call 
cell metabolism, by which life is carried on Accordingly, five of the seven 
chapters, two-thirds of the book, deal •with “ Cell Sletabolism ”, " Essential 
Metabolites ”, “ Enzyme Inhibition ”, “ Drug Antagonism ”, ” The Relation 
of Structure and Activity of Drugs Thus “ The Basis ” regards chiefly 
the biochemical aspects of chemotherapy. Wliile the opinion is expressed 
that “The theoretical developments . . . begin to provide a rationale 
for the whole subject”, the biochemical foundations are still admittedly 
fraU, as this expression sho-ws — “ Since whole groups of enzymes possess 
certain common characters, such as a common prosthetic group or co- 
enzyme, it is probable that a drug -will affect not a single enzyme but a 
whole group of related enzymes, some more, others less, essential to life. 
The problem of reducing drug action to interference -with any single enzyme 
is therefore immense, and the study of intermediary metabolism is likely 
for the present to do more towards suggesting new types of drugs than 
towards solving the problem of the mode of action of known drugs ”. The 
optimistic conclusion is arrived at that “ In chemotherapy the transition 
state has been reached ; theory has overtaken fact and has begun to shape 
the future. In the process, it has inevitably dra-wn upon the more mature 
sciences, physical chemistry, organic chemistry and biochemistry, and 
in its turn it now has something to offer to those sciences and to pharma- 
cology ”. 

There are about 900 references, nevertheless the authors ask indulgence 
for their “ limited fund of time and energy available after full days at the 
laboratory bench ”. This exposition •will prove of great ■use to aU interested 
,ia the problems of chemotherapy if they bear in mind that the scope is 
distinctly eclectic, that in-vitro approaches to solving chemotherapeutic 
problems so far are only -tentative and that the biological defence mechanisms 
of the host often play a significant part in determining the therapeutic 
result. C. H. B. 

List of species maintained in the national collection of type cnltnres 

Medical Research Council Memorandum no. 21. 1948. London : H.M. 

Stationery Of&ce. Pp. 17. 9d. 

A new edition of the Catalogue of the National Collection of Type 
Cultures is expected to take several years to prepare, and in the meantime 
this “ List ” gives the species available and the number of each in the 
Collection. The foreword gives ad-vice to users of the Collection on a 
number of practical details. For example, the names used are those given 
to the organisms by the depositors and the Collection gives no guarantee 
that they have been correctly named. During the war many strains became 
contaminated and the Curator •will appreciate being told by users if the 
cultures supplied have suffered in this -way. 

The terminology used in the list is of interest in view of the many 
arguments, likely to be continuous, about the merits and failings of different 
systems of bacterial nomenclature. In our opinion, the usages in the fist 
represent a sensible view that -will be acceptable to the majority of British 
medical bacteriologists. 
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